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SECTION 1

INTRODUCTION AND PURPOSE

1.1 Introduction

The Fernald Environmental Management Project (FEMP) established operations in 1951 under orders of

the Atomic Fnﬁrcru Commission and nrnrlnrprl uranium and other metals for use at ather United States
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Department of Energy (DOE) facilities. Production at the FEMP has ceased and the environmental
remediation of the entire site is ongoing. To aid in the remediation effort, the FEMP is separated into
five operable units (OUs). OU-4 is on the west-central boundary of the FEMP and includes four silos:
Silos 1 and 2 (also known as the K-65 Silos), Silo 3, and Silo 4. Silos 1 and 2 contain radium-bearing
residues from pitchblende ore processes. Silo 3 contains dry uranium oxide and other metal oxides.
Silo 4 is empty and has never been used.

The treatment technology selected for processing the silo contents is vitrification. This process converts
material into a chemically inert glass, encapsulating the radiological constituents and reducing radon gas
emissions. The Fernald Residues Vitrification Plant (FRVP) project has been established to accomplish
this objective. In accordance with the OU-4 Remedial Design Work Plan (RDWP), the design of the
FRVP has been divided into discrete work packages to allow a phased approach to design and
construction. This is done with the objective of satisfying the Comprehensive Environmentai Response,
Compensation, and Liability Act, Section 120(e)(2) and ensuring that substantial, physical, and continuous
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facility. Residue retrieval systems will be designed and constructed for this purpose. The current design
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for the residue retrieval systems. The residues in Silo 3 will be accessed through new silo penetrations
at grade level. In accordance with the phased design approach, identified in the RDWP (DOE 1995¢),

the superstructures and foundations will be designed and built early in the FRVP design before other
elements of the design are complete. To ensure the adequacy of the final superstructure and foundation
design, however, the design of the residue retrieval systems must proceed to the extent necessary to
identify the types, sizes, and weights of the retrieval system componeats which the superstructures and
foundations must support. Additionally, enough must be understood of the proposed operational
philosophy to determine the operational space requirements and to address the necessary health and safety
concerns for the workers who may require access to the superstructures and removal equipment.
Therefore, the design of the superstructures, their Equipment Rooms (ERs), and the Silo 3 Equipment
Enclosures (EEs) will consider shielding and ventilation required to protect workers.
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1.2 Purpose

This Conceptual Design Plan is issued as part of the Conceptual Design Package for the Residue Retrieval
Systems for the FRVP. The package consists of this plan and the full size conceptual drawings. An
11 by 17 inch copy of the drawings are included in Appendix A of this plan for information. The
purpose of this plan is to0 provide background information and justification for the development of the
overail conceptual design. When reviewed in conjunction with the conceptual design drawings it wil!
provide the reader with an understanding of why specific elements of the design were selected and how
the overall design works 10 satisfy the functionai requirements of the project. This understanding is
important due to the phased approach for design of the FRVP. The residue retrieval preliminary design
has been developed to allow the development of a detailed design of the silo supersiruciures. To ensure
that the superstructures will be able to accommodate the residue retrieval systems in the future (when
their detailed design is completed), it is necessary tc document the elements of the conceptual residue
retrieval design which affected decisions in the detailed design for the silo superstructures. The same is
true for the subsequent design of the New Radon Treatment System (NRTS) and the eventual detailed
design of the FRVP building itself,

The Conceptual Design Package provides the necessary information to allow the development of a
prefinal design for the construction of the superstructures and foundations to support the residue retrieval
systems for Silos 1 and 2, and foundations and enclosures to support the Silo 3 system.

1.3 Design Guidance

The following documents were used as guidance and information in the generation of the conceptual
design plan.

) Remedial Investigation and Feasibility Studies (DOE 1993a, DOE 1994)
2) Record of Decision (ROD) (DOE 1994)

3) Functional Requirements Document (DOE 19952a)

4 Design Criteria Package (DOE 1995b)

14 Document Organization

This Conceptual Design Plan presents the conceptual design which has been developed for Silos 1 and
2 (K-65 Silos) and Silo 3 (Metal Oxides). The K-65 hydraulic residue retrieval system is discussed in
Section 2 of this document while the Silo 3 poeumaiic retrieval system is discussed in Section 3.

g

Dra Appendix A lists the drawings associated with the conceptual design

package. These drawings are also referenced appropriately within the individual text sections.
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The conceptual design for the residue retrieval systems is divided into subsystems. Each subsystem will
be designed to satisfy a separate set of functional requirements 'I'he description of each subsystem is

Vendor/Manufacturer Drawings, catalog cuts, and sketches are provided in Appendix B to further

itlustrate the concepts developed in this document.

[l

e Y N PSPy

Appendix C provides 2 preliminary dose estimate for installation and normal residue retriev
operations/maintenance on the Silo 1 and 2 Superstructures and Equipment Rooms (ERs), and the side
access Equipment Enclosures (EEs) for Silo 3.

I>
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SECTION 2
HYDRAULIC RETRIEVAL OF K-65 RESIDUES

Silos 1 and 2, the K-65 Silos, contain a total of 8,005 cubic yards of K-65 residues generated from the
processing of high grade uranium ore (DOE 1994). The silos are large, cylindrical, above-grade,
concrete vessels with post tensioned steel reinforcing. Each of the domed silos is 80 feet in diameter,
36 feet high at the center of the silo, and 26 feet high at the silo wall. Anp earthen berm surrounds the
K-63 silo walls up to the outer edge of the silo dome. The berm was added to counterbalance the
outward load from the silo contents and has a 3H:1V slope extending approximately 80 feet from the silo
walis. The domes of the K-65 silos have five major manways. Four 20-inch flanged openings are
located on a circle 25 feet from the center of the dome. A fifth 20-inch manway is located approximately
4 feet off center of the middie of the dome. For more detailed information on the K-65 silos see the
Remedial Investigation Report (DOE 1993).

Two separate and independent retrieval systems will be developed and built for Silos 1 and 2 (DOE
1995a3). A new larger opening will be cut in the center of the silo dome W0 accommodate this retrieval
equipment. The retrieval systems utilize a submersible slurry pump with an integral spray ring and
submerged jet nozzle deployed through the center opening. The equipment is lowered from an ER which
is mounted within a superstructure over the center of the silo. The ER is connected to the silo headspace
via a cylindrical containment insert which prevents the release of residue to the environment. The
retrieval equipment passes through this containment insert to enter the silo headspace from the ER. Two
remotely operated single point sluicing jets are mounted in two of the outer manways to assist in slurrying
the residues for retrieval. A hydraulically powered, track driven, vehicle (Houdini) supplements the
retrieval systems and can be deployed through the enlarged center manway of either silo to aid in discrete

object management and removal of any residue remaining following siurry pumping.

A Radon Treatment System ventilates the silo headspace through piping connected to the manways. This
system removes radon to lower the headspace concentration to limit personrel exposure, maintain a
negative pressure in the silo, and ensure directional airflow from the ER into the silo headspace.

Drawings SK-M-04094 and SK-M-(4095 {Appendix A) provide a plan and elevation view of the proposed
silo superstructure and silo dome. The various subsystems which comprise the overall residue retrieval
system are discussed in more detil in the foliowing sections. Drawing SK-X-04163 (Appendix A)

provides an index of the Preliminary Design Drawings which have been developed in support of this
effort. These drawings are referenced throughout the subsystem descriptions.
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2.1 Hydraulic Retrieval System

2.1.1 Functions Provided

Sturry Residue

Break up residue material and form a pumpable slurry at a rate to sustain retrieval operations.

Remove Slyrry

Remove slurry from the silo and transfer it to the FRVP for dewatering to support a glass production rate
of 24 tons per day. Each Silo Hydraulic Retrieval System will support 100 percent of the total FRVP
glass production based on a more conservative "K-65 only” formulation in the unanticipated absence of
Silo 3 material. Drawing SK-F-04076 (Appendix A) provides a basic process flow diagram for the
hydraulic retrieval system.

2.1.2 em D ription

The Hydraulic Retrieval system is comprised of the following components as shown in Drawing No. SK-
M-04095 (Appendix A). Drawing No. SK-N-04220 (Appendix A) provides a piping and instrumentation
diagram for the hydraulic retrieval system described below.

Slurry Pump Assembly

The basic operation of the slurry pump assembly is as follows: A submerged high pressure water jet
(pump jet), with remotely operated flow contro!, undercuts the residuc, repulps it, and transforms it into
a slurry. The slurry flows by gravity to the suction of an electrically driven submersible slurry pump
which discharges the slurry through a hose. A sink ring is provided for penetration into the residue an
to create a cavity for the pump suction. An eductor ring is used to prime the slurry pump, break up large
pieces of residue, and keep the pump suction clear of debris. The pump will be modified to include 2
suction screen to help protect the pump from debris. The slurry pump is designed to handle 140 gpm
of slurry at 20 percent solids by weight at a total dynamic head of 70 feet when supplemented by a
variable speed drive. The Marconaflo "dyna-jet” is shown in Drawing No. 9-69167, located in Appendix
B-1.

Sluicing ]

A single point, remotely operated, sluicing water jet will be mounted from the superstructure over two
of the outer manways (NW and SE). The jets will be able to rotate a full 360 degrees in a borizontal
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plane. At the same time the jeis can move from vertical position facing straight down to approximately
153 degrees from the vertical (27 degrees from straight upward. The jets operate with a variable flow
rate (pressure) and are capable of reaching almost any point within the sifos. The jets can be stopped at
any position. The above mentioned movements have adjustable speed and can be fully automatic or
manually controlled from the FRVP control room using in silo cameras. Limits can be placed oo sluicing
jet movement to preclude inadvertent impingent of the spray on the silo walls. A catalog cut for a typical
sluicing jet is located in Appendix B-2.

Slurry Transfer and Recycle Water §ines

The slurry piping will run horizontally along the east side of the superstructure beneath the shielding and
will travel down vertically on the east tower until they get to the pipe rack (see B-18). The slurry
transfer and recycle return lines are double-walled to provide secondary containment of the radioactive
residues.

Monorail System

Residue retrievai equipment is moved and positioned within the ER through the use of a 10-ton monorail
system. The monorail is mounted in the upper level of the ER from the overhead and runs along the
center axis over the silo opening and directiy above the maintenance carriage tracks. Three trolleys are
located on the monorail and are used to lift the slurry pump and Houdini TMADS from the maintenance
carriage and position them over the silo opening for deployment. Two of the trolleys are combined in
a singie unit and are used to lift and position the TMADS. When the TMADS is lifted into position, it
is held firmly in place to counteract moment loads. The third trolley is used to Jifi and position the sturry
pump. The trolleys are locally or remotely operated, will include mechanical stops on the monorail ends,
and can be locked over the center manway in their deployment positions to help ensure accurate
positioning, A vendor drawing for a typical motorized trolley is provided at Appendix B-3.

Camera System

A closed circuit video system provides for monitoring of both equipment and personnel operations in the
ER and equipment operations within the silo headspace. Two color cameras are mounted in opposite
corners of the lower level of the ER while two additional cameras are provided in two of the outer
manways of the silo dome. The cameras are connected to the central control room in the FRVP. The
cameras are provided with a pan and tiit mechanism operated by a manipulator from the controf room.
The cameras mounted in the two silo dome outer manways {opposing) will be provided with lights and
wiil be mounted as an integral unit to facilitate changeout operations. These cameras will share the
manway with an NRTS inlet or outlet nozzle. The cameras will be radiation tolerant to help limit the
need for camera changeout due to radiation exposure. A sketch of a typical manway-mounted camera
system is shown in Appendix B4.
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1ib Crane

A small jib crane will be mounted in the ER near the silo opening. The jib crane will have an electri
hoist and a bucket to allow retrieval of multipie discrete items from the silo in conjunction with the
Houdini System. The jib crane will swing ont of the way when not in use.

2.1.3 System Utilization
Installation

The slurry pump, packaged in a transportation/containment box, is lifted onto the superstructure using
the east tower hoist. It is placed onto the maintenance carriage and rolled into the ER through the
vestibule. The pump is lifted out of its transportation container and off the carriage using the monorail
hoist and the tilting hoist. The pump is centered over the silo opening and the maintenance carriage is
then removed from the ER. These actions are manually assisted. A sketch of the transportation container
is provided in Appendix B-5.

Sturry and recycle water hoses are connected to the slurry pump along with the electrical power cables.
The silo containment insert provides an interface between the superstructure mounted slurry/recycle water
pipes, the slurry pumnp’s flexibie hoses, and the electrical power cable (see Appendix B-12).

After the hose/cable is connected and properly managed, the sinrry pump can be remotely lowered into
the silo through the containment insert as the silo doors are subsequently shut. The pump passes through
the flexible interior seal of the containment insert by deflecting the seal’s flexible strips and is lowered
into position in the silo.

The two remotely operated unsubmerged sluicing jets are hard mounted on the lower supports of the
superstructure in custom containment enclosures which are rigged into place via a mobile crane and
suspended in the manway using a bag-infbag-out procedure {the manway covers are stored on the
superstructure for future use). The enclosures are then hard mounted to the support structure. A flexible
joint attached to the battom of the jet enclosure is used to connect the jet enclosures to the manway so
they can seal the silo manway without putting load onto the manway itself. Utility conpections are then
made and movements of the sluicing jets are tested for clearance. A sketch of the sluicing jet in its
enclosure is located at Appendix B-6.
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QOperations

At the beginning of operation, the integrai sink rings and pump jet will slurry the material in the
immediate vicinity of the pump until a slurry pool is created from which the pump can start its suction.
As the suction progresses, the sluicing jeis, mounted in the silo dome manways, are directed at areas
adjacent to the pump to create and direct slurry flow toward the pump suction. The sluicing jets wiil be
rotated as meeded to continue to direct slurry from the outer portions of the silo to the pump while
enlarging the slurry pocket. This should be done with care to avoid creating a wall of residue that could
collapse on the pump. The pump is lowered only as needed to maintain suction. Operation of the

sluicing jets and the slurry pump will be controlled to timit the depth of the slurry pooi. The slurry pool
will be pumped down prior to pump shutdown.

If deemed necessary, the sluicing jets can be used to perform gross decontamination and removal of
excess residue from equipment in the silo headspace prior to withdrawal of the equipment into the silo
insert.

Maintenance

If minor maintenance to the slurry purap is required, it will be performed in the ER. Major maintenance
will require removal of the pump from the superstructure. Prior to performing maintenance, a
determination of the degree of maintenance required and the potential resultant radiation dose to workers

the silo requires that the Houdini vehicle be extracted into the TMADS and the PDCU be removed from

the superstructure. Siurry pump removal would be performed as follows:

= &

ffffff tetrieval operations, including backflushing of lines and slurry pump.

)
L
§
[
Ll
L1
[~
el
fult
oo
[£]
-

b
S

Center the pump under the silo doors and raise it into the containment insert chamber.

Lad
e

Spray down pump as it rises into the containment insert chamber and allow excess moisture to

27 NTE

drip off.

4) Line the floor of ER with temporary plastic liner in areas where the pump will hang and be
positioned for placement in the containment box.

5) Shutdown ER ventilation, The NRTS will remain in operation to maintain airflow from the ER
to the silo. Remotely open the silo doors, raise the pump iato the ER, and close the silo doors.

6) Following restoration of the ER ventilation, personnel will enter ER and perform maintenance
or inspect the pump. If it is necessary to remove the purmp from the ER/superstructure, the pump
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1o prevent them from falling back into the silo.

7 The pump is then rigged into its transport container on the maintenance carriage. Otherwise it
would be moved via monorail from over the silo doors to allow personnel access for
maintenance.

8 Once the pump is sealed in its transport case, it is moved to the vestibule where the container is

surveyed for external contamination prior to removal from the superstructure.

9 Following maintenance or pump remaval, the plastic liners are removed and a radiological survey
is performed in the ER.

If maintenance is required on the sluicing jets, the entire jet enclosure will be removed from the manway
and superstructure using a glovebag arrangement. The manway will be sealed with a cover plate {blank
flange) and the jet enciosure bagged and rigged off the support platform using a remote crane.

Removal/D&D
Final removal of the slurry pump and sluicing jets wifl be similar to the procedures used for maintenance.
The pump wiil be removed prior to Decontamination and Decommissioning (D&D) of the silo. The

sluicing jet may be used for D&D of the silos and can be reprogrammed to impinge on the silo walls in
a systematic pattern for decontamination.

2.2 Houdini
2.2.1 Functions Provided
Discrete Obiect M

During bulk retrieval the Houdini vehicle may be lowered into the silo headspace to assist in handling
discrete objects which may interfere with the hydraulic pump. Due to the slurry consistency during bulk
retrievai, the Houdini vehicle will not likely be able to operate on the residue surface and therefore would
be operated while suspended from its tether. Houdini will either retrieve objects in hand, place objects
in a tram bucket deployed from the ER, or transfer the object away from the pump.
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Heel Removal

Following bulk retrieval, the Houdini vehicle may be deployed into
other discrete objects which were inaccessible or unretrievable by the
s

b
a
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3
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main slurry pump or the small siuicing tool provided with the Houd:

Houdini to transfer the heel out of the silo.
Decontamination and_Dec issionin

The Houdini system will assist in the inspection and final D&D of the silos after the completion of
retrieval operations. It can be used in conjunction with the sluicing jets by using its squeegee to help
transfer standing wash water to the pump. It can use its arm mounted camera for close-up inspection of
the concrete condition. It might also be tooled to take swipe samples of the concrete for decontamination

effectiveness evaluation.
2.2.2 System D ription

The Houdini system is comprised of five major subsystems as shown in RedZone Drawing 9411-0000
(Appendix B-7) and described below.

Houdini Vehicl

The Houdini vehicle is a hydraulically powered, track driven, folding frame mobile robot. Its basic form
is similar to a small bulldozer as shown in RedZone Drawing 9411-0121 (Appendix B-8). The vehicle
is equipped with a height adjustable plow blade for moving material, and a dexterous manipulator arm

fakh twem mmlaw cameras, one mounted an

which can depioy a variety of woiing. The vehicle is provided with two color cameras, one mounted on

the manipulator and the other on the chassis. A microphone is mounted on the manipulator next to the

camera. The vehicle folds as a parallelogram to fit through an opening as small as 24 inches in diameter

during deployment and retrieval. When unfolded, the vehicle (including its manipulator) is approximately
A0 inchas wide 107 inches lons and 15 inches high. The vehicle is deployed and controlled through
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a tether which provides hydraulic power, electric power, control and data transfer, and physical retrieval.
Tether men Depl n m

The TMADS is used to remotely deploy and store the vehicle tether and to store the vehicle when not
in use. The TMADS consists of 150 feet of tether and a tether reel which is remotely operated to pay
out or retrieve the tether. The TMADS contains a docking bay for the vehicle and is used as a transport
and storage container for the vehicle and its associated tooling and parts. The TMADS is enclosed in
a supporting frame which is covered to provide shielding and containment during transportation and
storage. The TMADS frame has multiple lifting points which can be used for rigging and mounting for
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deployment. The vehicle depioys vertically downward through the docking bay door located in the
bottom of the TMADS. The TMADS assembly is shown in RedZone Drawing 9411-0105 (Appendix

R-9).

The PDCU serves as an interface between the vehicle and the operator control console. The PDCU
consists of an electrical enclosure and a hydraulic power supply mounted on a common base. The PDCU
base has pockets for forkiift transfer and eye bolts for crane transfer.

The electrical enclosure accepts 480 volt, three phase, 60 hertz site power and distributes power to all
other Houdini system components. The electrical enclosure is provided with a main power disconnect
(breaker) which is tripped automatically or remotely. The electrical enclosure is environmentally sealed
and has integral heating and air conditioning systems.

The hydraulic power supply consists of a skid mounted pump, motor, and reservoir, and provides
hydraulic power for the Houdini vehicle and the TMADS tether reel. The hydraulic system has an
integial cooling and filtration ioop, and a resistive heating element. The PDCU assembly is shown in
RedZone Drawing 9411-0080 (Appendix B-10).

Control Center

The Houdini System is operated from a remote control console housed in a standard office trailer. The
trailer is provided with a roof mounted Heating, Ventilation, and Air Conditicning system and tie downs
to secure it in high winds. The trailer can be towed by a pick-up truck and will require 120 volt site
power during set up and operation for auxiliary loads. The Control Console is located inside the wailer
and inciudes joysticks, switches, an emergency stop button, a master manipulator, and four video
monitors necessary for normal operation and control of the Houdini system.

Suitcase Controtler

The suitcase controller is a simplified portable control console which can be used to by-pass the operator
control console in the control center. The suitcase contraller provides an auxiliary facility for on-site
debugging, local operations, and system checkout, and can be used as a back-up control center in the
event of temporary loss of the primary controller. The suitcase controller is attached to the PDCU by
cable and contains a single monitor and control panel for direct open loop control of the Houdini actuators
and camera system,
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2.2.3 System Utilization

Installation/Removal

The Houdini system will be manuaily installed and removed from the Silo 1 and 2 superstructures after
construction of the superstructure and retrieval system. Houdini may be installed and removed (including
vehicle deployment and retrievai) without interrupting bulk hydraulic retrieval operations. Since the
Houdini system will service all three silos, it will be relocated as required during and following retrieval

operations.

‘The Houdini sysiem is manually installed on the superstructure. Both the TMADS and PDCU units will
be lifted onto the superstructure span using the tower hoist and maintenance carriage. A flatbed truck
will be used to transport the system between silos. TMADS is rigged in place over the enlarged center
dome manway using the ER monorail and tilt hoist. The PDCU will be installed directly on the
maintenance carriage outside the ER and vestibule on the superstructure. Cables are run through
superstructure cable trays from the TMADS to the PDCU and from the PDCU down the superstructure
to the control console in the control trailer. All electrical and hydraulic connections to the PDCU will
have quick disconnects to minimize set-up and take-down time. In addition, permanent sets of cables and
hoses will be installed in the ER to further facilitate connection of the TMADS to the PDCU during set
up and take down.

The Houdini system is readily transferable between silos. At the completion of its use in a specific silo,
the vehicle will be gross decontaminated using the silo insert spray rings in a manner similar as that used
for the slurry pump. A potable water washdown connection is provided in the ER if additional manual
wash of the vehicle is required to remove excess residue. The vehicle will be stowed and sealed in the
TMADS modaule to provide shielding and containment during iransport. The TMADS box will be swiped
for radiological contamination prior to removal from the ER and will be further decontaminated or
packaged if required prior to removal from the superstructure.

Operations

Tee Houdini vehicle is deployed remotely from the TMADS through its bottom door. The silo doors are
opened momentarily to allow entry of the vehicle into the silo headspace and then closed to maintain
ventilation and containment requirements. Deployment of the vehicle is monitored remotely using the
ER mounted cameras. The vehicle will operate from the hanging position using its manipulator as
nossible or it can he set down on the residue surface or floor of the silo after the residue has been
sufficiently dewatered for more extensive use.
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Maintenance

i =

Minar maintenance and system checks will be performed on the vehicle in its stowed position in the

TMADS within the ER. Access to the vehicle is achieved by removing the appropriate TMADS access
panel. Any major maintenance will require that the TMADS and PDCU be removed from the
superstructure to reduce radiological exposure to the maintenance personnel.

2.3 Silo Dome Segment Removal System
2.31 Functi Provide
Silo Access

Provide a means of accessing the silo to deploy equipment (slurry pump, Houdini) into and out of the
silo from the ER.

Containment
Prevent the release of radiological contaminants from the silo to the environment from the interface
between the siio and ER.

2.3.2 S D ri n

This concept for dome cutting and segment removal was previously developed under a separate project
and will be modified during detailed design for use on Silos 1 and 2. Details for illustration of the
concepts discussed below are provided in Appendix B-11.

Ultra Hiol

The cutting device utilizes water (approximately 1.S gom) under high pressure (36,000 to 40,000 psi)
focused to create a fine jet to cut an approximate 6-foot diameter segment from the steel reinforced
concrete silo dome. The cutting device is supported by a circular jig which is anached to the underside
of the ER. The cutting device is operated from a remote station on the superstructure and traveis around
the circular jig to complete the segment cut. During cutting operations, the NRTS is in operation to
develop a negative pressure in the silo headspace which will tend to pull the water and concrete particles
into the silo headspace. This operation will be performed within the outer dome seal to help maintain
containment. Heavy equipment, such as the compressor and potzble water tank, will be located on the
ground.
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The design concept provides flexibility for the cutting equipment and cuiting operaiion such that the
procurement specification will be performance oriented with limited technical direction. This a pproach
allows prospective subcontractors to utilize their experience in designing the particulars o
configuration, setup, and rig. The spec:ﬁcatlon will provide detailed mformanon on the ER

o allo rospecti ibc actors to esti i
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operation will first be demonstrated on Silo 4 prior to performance on Silos 1 and 2.

Quter Dome Seal

The outer dome seal is installed between the underside of the ER and the silo dome surface. This seal
provides containment during dome cutting and remains in place following installation of the silo
containment insert (see Section 2.4). The outer dome seal is comprised of a sheet metal enclosure
suspended from the underside of the superstructure and an extruded rubber shape which is pop riveted
and cemented between the bottom of the sheet metal enclosure and the top of the surface of the dome.
The outer dome seal will be installed in a square configuration located within the 24-foot peripheral
circular dome support cables.

2.3.3 Operation

Installation

The following is a chronological sequence of events which provide for eniargement of the centrai siio
manway and installation of the containment insert into the enlarged opening. This sequence is identical
for Siios 1 and Z.

e etaime —mmeeSoa A i A medd e
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N Install and gnerate the NRTS to lower the radon concentration in the silo headspace and reduce
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potential radiological exposure to personnel working above the silo domes. The NRTS will
operation throughout the cutting process, removal of dome segment, and installation

remain in
of silo insert. Additionally, prior to this operation, steps should be taken to reseal any cracks in
the bentonite cover to further reduce radon emanations to the headspace as deemed necessary.

2) Remove the 30-foot diameter, structural steel frame and plywood silo dome cover, which
presently covers the center of the silo dome. The dome cover will be removed using a mobile
crane prior to superstructure erection.

3) Erect the silo superstructure and ER. The cutting jig for the high pressure cutting jet will be pre-
installed on the underside of the ER (less the cutting device). The superstructure equipment (i.e.,
HVAC, hoists, maintenance carriage) will need to be fully operational.
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3)

4)

8

Install dome support cables on the silo dome via eyebolts in a 24-foot diameter circle and attach
them to the underside of the silo superstructure. The support wires will be slack and are instalied

as a contingency if part of the dome fails during remediation, The dome supports will limit the
potential for total collapse of the inner 30-foot section of the silo dome.

Install the outer dome seal hetween the ER and the silo dome. This seal provides contzinment
against the release of contaminants during dome cutting operations.

Install eye boits in the segment of the dome to be removed. These eye bolts are attached to the
slurry pump monorail trolley and will be used to support the segment during cutting and raise
it from the dome into the ER once it has been cut,

instail the uitra high pressure water cutting device. Plastic lining will be placed on the floor
ta prevent the potential spread of contamination during subsequent steps.

Move the containment insert into the ER and hang it on the TMADS monorail trolleys on the east
side of the ER.

Cut the doms segment by remstely engaging and controlling the high pressure cutiing device
from outside the ER. Upon completing the cut and removing the cutting equipment as necessary,
remotely raise the segment into the ER and move i1 t0 the west end of the ER. Remotely position
and lower the containment insert into the dome opening. The ER and dome-mounted cameras
are used to monitor this evolution, The containment insert doors remain shut. Personnel in full
PPEs and breathing apparatus will be standing by in the vestibule to suppiement remote

operations as necessary.

Personnel i full PPEs and breathing devices enter the ER. The dome segment is bagged
(wrapped) in plastic. The containment insert is bolted in place and its inflatable seal is
pressurized remotely from the ER. The bagged dome segment is placed onto the maintenance
carriage and moved to the vestibule for survey and removal from the superstructure via the east
tower hoist.

The inflatable seal is inspected to verify adequate contact with the silo dome. IFf cracks or
openings exist around the perimeter of the seal, the seal pressure may be adjusted and the cracks
and openings may be sealed with filler or grout to provide an adequate seal.
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2.4 Siio Containment Insert

2.4.1 Functions Provided
Silg Access
Provide a means of accessing the silo throug insert o depioy tethered equipment (slurry pump,

Houdini) into and out of the silp from the ER.

Directional Airflow

Maintain a high velocity airflow from the ER into the silo, through the insert, at the interior seal to limit
the release of either particulate or gaseous radioactivity from the silo intn the ER during trancfer of
equipment into and out of the silo.

Containment

In conjunction with the ER and the outer seal, prevents the release of radiological contaminants from the
silo to the environment,

Washdown

Provide a means to remove gross external residue from discrete objects and equipment being removed

£

from ihe siio into the ER.

The silo containiment insert satisfies the funciions iisted in Subsection 2.4.1. Generally, the containment
insert is a cylindrical, slightly conical, shaped stainless steel tube approximately 11 feet long which
provides a passage from the ER to the silo. The major features of the containment insert are shown in
the Silo Containment Insert Sketch located in Appendix B-12 and described below.

Infiatable Scal

An inflatable rubber seal is located around the outside of the silo containment insert and when inflated
provides a seal hetween the outside of the insert and the inside edge of the enlarged dome opening v
prevent the in-leakage of air while operating the NRTS. Details of the inflatable seal are located in
Appendix B-13.
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Interior Inser: Seal

The bottom of the containment insert contains an interior flexible seal iv reduce airfiow between the ER
and sdo headspace. This reduction in airflow is necessary to limit the overall required capacity of the
NRTS. The seal is comoriced of inwardly pointing, long trizngular pieces of semi-rigid plastic attached
around the inner perimeter of the containment insert. The strips n zmal!y limit airflow from the ER into

the silo, but are readily parted by equipment being hoisted into or o t of the sila,

Hose Guard

A metal protective sleeve runs vertically along the inside of the insert. The guard houses and protects
the slurry and recycle water hoses and electrical cable from damage by equipment rigged through the
insert. It also allows for easy changeout or repair of hoses.

Silg Doors

Two steel doors further isolate the FR from the silo to help ensure a directed airflow. The silo doors
conform 10 the sturry pump cables and Houdini tether to allow their continued deployment with the doors
closed. The doors will have lip around the cutside perimeter such that wash down water which might
drip &om suspended equiprment is contained and diverted back to the siio through the hose slots and
center opening. The daors are made of carbon steel and swing inward into the ER. They are operated

ramntpllr hu heierg— Markan: l
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siops will prevem ihe doors from upening beyond verticai. The steel

piate construction of the doors are designed to provide radiation shieiding from the silo.

The containment insert contains three stages of spray rings which inject pressurized water into the
containment insert annulus to wash down equipment and remave excess residue prior to remaving the
equipment from the silo. Spray water will be recycle water from the FRVP which is normally supplied
to the sluicing jets and the slurty pump.

2.4.3 System Utilization

Instailation

The silo containment insert is installed between the silo dome and the ER after the dome segment has
been cut and removed from the dome. During this evolution the NRTS is operational and the ER
ventilation System is stopped. Prior to cutting and removing the dome segment, the silo containment
insert is rigged into position in the ER and suspended from the monorail using the TMADS trolieys. The
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containment insert remains out of the way to the east end of the ER. The following steps are provided

for the installation.

1)

2)

L))

After the cut dome segment has been lifted and removed from the dome using the slurry pump
trolley, the TMADS trolleys are operaied remotely to move the containment insert over the dome
opening and lower it into position. Cameras in the ER will be used to monitor the operation and
aid in positioning.

The ER ventilation system is started. Personnel enter the ER, verify the position of the
containment insert, bolt the containment insert in place, and pressurize the inflatable seal.

Remove dome segment from the ER as discussed in Subsection 2.4.2.

Operations

During normal bulk retrieval operations the silo doors will be shut. When equipment is removed from
the silo, it will involve the following sequence of events (for discussion of airflow see Subsection 2.5).

1

3

4)

Equipment to be removed from the silo is positioned so that it is hanging in the center of the silo
containment insert and then hoisted slowly into the containment insert to a point just below the
silo doors. An indicator attached to the hoist cable will be visible via the ER cameras when the
equipiment is raised to just below the silo doors. As the equipment rises above the containment
insert interior seal, the containment insert spray rings wash down the equipment. Silo mounted
cameras allow monitoring of the equipment as it enters the insert from the sifo.

Following washdown, the equipmcnt remains in place for a time to allow water and residue to
drip from the equipment into the silo through the interior seal.

The ER ventilation is stopped. Note: during this time the ER will continue to be maintained at
a negative pressure with respect to atmosphere by the NRTS. The silo doors are opened remotely
and the equipment is hoisted into the ER directly over the silo doors. The doors are then shut
remotely.

After the ER ventilation flow has been re-established, personnel can enter the ER to monitor and
inspect the equipment or remove it from the ER as applicable.

Maintenance

There is no maintenance associated with the containment insert other than the periodic lubrication of the
door assembly. Pressure in the outer seal is monitored on a regular basis to insure the integrity of the
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The air cleaning devices will be factory assembled and tested bag-in/bag-out High-Efficiency Particulate
Air (HEPA) filter housings for outdoor installation. Each assembly unit will be supplied with a prefilter
section, and a HEPA filter section. Differential pressure gauges will be installed for each prefilter and
HEPA filter. An alarm wiil be provided for high and low differential pressure across prefilters and
HEPA filters. A typical HEPA filter unit is shown in B-14. The ER ventiiation HEPA fiiter unit wiii
require a 2 x 3 configuration.

Exhaust Fan

The exhaust fan is used to maintain a design volume flow rate from the ER and will be interlocked with
R

amper and the NRTS to maintain a negative pressure in th

n A
the ER to the silo. The exhaust fan will be centrifugal with a motor and belt drive

airflow is from
installed on a common base with vibration isolators. The exhaust fan will be installed on a concrete Dad
Variable inlet vanes will be prov:ded to compensate for dust loading on air cleaning devices. A typical

exhaust fan is presented in Appendix B-15.

Stack

The stack is for discharging exhaust air to the atmosphere. The stack height will be 12 feet above the
ER roof and structurally designed to withstand the maximum predicted wind load. Isokinetic sampling
will be installed in the stack to provide emission monitoring. The stack would also service the NRTS

or the exhaust could be piped directly to the FRVP off-gas stack to eliminate the need for multiple stacks.

Air Inlet Damper

A motor-operated air inlet damper located in the outer vestibuie wail provides a controiied infiux of
outside air through the vestibule and into the ER while maintaining the ER at a negative pressure. The

air iniet damper wiii be muiti-biade, paraiiei, with an eiecirical aciuator. A typical inlei damper is shown
in Appendix B-16.

2.5.3 System Utilization
lation

The air cleaning devices, fan, and stack will be installed on the ground next to the superstructure. The
air inlet damper will be mounted on the ER wall at the time of ER assembly. Ventilation ductwork will

be installed in the superstructure prior to installation of the superstructure over the silo.
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Operations

The NRTS fan will run continuously during the retrieval operations to maintain negative pressure in the
silos. When the ER is occupied or when temperatures approach 100 degrees F, the ER ventilation systern
will run to provide ventilation and cool the room, otherwise it is not required and can be shut down. The

ER ventilation system will not run unless the NRTS is operating to ensure proper direction of airflow.

Airflow in the ER will be as follows: outside air wiil enter through the air inlet damper in the vestibule,
move across the vestibule, enter the ER through a manual damper in the vestibule/ER wall, and wiil then
be exhausted from the ER through air cleaning devices by the ER exhaust blower into a monitored
exhaust stack. This arrangement provides for directional airfiow from the atmosphere through the
vestibule and ER. Transfer of air between the silo headspace and the ER will inherently be in the
direction towards the headspace based on the NRTS maintaining the lower pressure in the silo headspace
relative to the ER.

The ER ventilation system is integrated with the NRTS. During ail stages of operation and maintenance,
pressure in the silos will be less than ER and atmospheric pressure. This requires the NRTS fans to
always be started prior to operation of the ER exhaust fan. The ER exhaust fan will be interlocked with
the vestibule air motorized inlet damper. The differential pressure detector will position the air inlet
damper to control the airflow from outside io maintain a preset negative pressure in the ER, when the
ER exhaust fan is energized; otherwise the iniet damper will be closed. The ER ventilation system will
be interlocked to de-energize the ER exhaust fan if ER pressure drops beiow (approaches) the siio
pressure.

Redundant air cleaning devices (HEPA filers) will be provided for the ER exhaust to facilitate filter
changeout. Low and high differential pressure alarms will be provided for prefilters an
to indicats a leak in the filters or time to change filters.

"

Isokinetic stack samples will determine and record the total quantity and quality of air discharged to the
atmosphere and identify the quantity and concentration of any radionuclide emissions.

Maintenance

Most equipment requiring periodic maintenance will be located on the ground. Filter replacement will
be bag-in/bag-out operation. The stack sampling station will require a well-lit access platform for
inspections and/or service. The motorized damper located on the vestibule wall will be oriented such that
maintenance can be performed outside of the vestibule.

ERAFSI\VOL1:RSAPPS\RSDATA

OU-4\PO-16 \CDPLAN.RVO 2-18 4/1/96, 3:44pm, Rev. No.: 0



The ER ventilation system wiil remain in operation throughout D&D operauons until containment of the

[T P |

S
!

The New Radon Treatment System will be the subject of a separate design effort and wili not be included
in the title design for Residue Retrieval Systems. It is included in this conceptual design to fully develop

esidue retrieval systems.

1 of Radon

Reduce and control the radon concentration in the headspace of Silos 1 and 2 (K-65 Silos) to limit
personnel exposure levels in the ER over each silo.

Maintain Negative Pressure

Maintain a negative pressure in the headspace of the K-65 Silos throughout residue retrieval operations
to limit ER contamination and provide a controlled reiease of radon to the atmosphere. The pressure in
the siio headspace will be maintained negative with respect to the ER to direct airflow from the ER into
the silo.

2.6.2 m D iption

The NRTS will service the two K-65 Silos to allow independent residue retrieval operations from each
silo. The major components of the NRTS are shown on Sketch SK -F-04075, Appendix A, and are

described below.

Condenser

The condenser is used to remove water vapor from the radon-laden air prior to entering the carbon beds.

The efficiency of the carbon beds and HEPA filters is increased as the water content of thc air is reduced.
eco
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The desiccant system is used 1o remove any fEMaining water vapor from the air, foiiowing the condenser,
to further increase the radon removal efficiency of the carbon beds. The system will utilize a consumable

desiccant. The liquid generated will be collected and transferred to the FRVP from the condensate tank.

Carbon Beds

¥,

The carbon beds are used to remove (adsorb) radon from the air in the headspace of Silos 1 and 2 (K-4
Silos). Each carbon bed will contain a quantity of activated carbon through which the radon-laden air
from the silo headspace will pass. Two carbon bed systems are used and are described below.

The primary carbon beds are used to reduce the initial radon concentration in the silo headspace and to
maintain the concentration at a design level. This system recycles the air from the silo through the
treatment equipment and returns it to the silo headspace.

Bleed carbon beds are used to further reduce the radon concentration in the bleed air stream to a design
ievel prior o discharge to the environment. The bleed stream is withdrawn from the recycle stream
(following the recycle fan) to maintain the desired negative pressure in the silo headspace.

le Ex F

The recycie fan will be used to maintain a design airflow from the silo headspace through the condenser,

desiccant. primary earhon bads and return it &5 the silg headspace.

Bleed Exhaust Fan

The bleed exhaust fan is used to maintain a negative pressure in the silo headspace. Flow through the
fan will be controlled to maintain the desired negative pressure in the silo headspace.

Q

it Cleani vi

A bag-in/bag-out HEPA fiiter system wiil be used to remove any particulates from the bleed air stream
prior to discharge to the atmosphere.

2.6.3 System Utilization
Installation

The equipment for the NRTS will be installed on the ground near the silos to minimize duct length.
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Portions of the ductwork to and from each silo will be supported by the new superstructures to be erected
over each K-65 Silo. These sections of duct can be placed on the superstructure prior to erection over
each siio. The final duct connections to the silos and to the NRTS equipment willi be made after
installation of the superstructure.

The existing Radon Treatment System (RTS) can be operated to lower exposure dose rates for workers

if necessary prior to erection of the superstructures and prior to connection o

Lt a1 | g

silo manways.

Following final connection of the new ductwork, the NRTS can be started and the existing RTS duct can
be disconnected from the silo dome and capped. The existing RTS building will be left in place until
D&D of the silos. The existing RTS ductwork will be removed as required during berm removal.

During berm removal, depending on the condition of the silo walls, the exterior walls of each K-65 Silo
may be sealed to help limit air infiltration through the silo walls, thus maintaining the effectiveness of
the NRTS (see Subsection 2.11.3).

The NRTS will be remotely operated and controlled from the FRVP. The NRTS will be started prior
to the penetration through the silo dome from the ER. Following the penetration of the silo dome, the
sysiem wiil be operated as necessary throughout the project. Requirements for continuous operation of
NRTS will be addressed/developed by the NRTS design.

Maintenance

All equipment will be located on the ground which will aid in access for maintenance. The carbon beds
and desiccant system will be lacated inside a chielded portion of the NRTS structure, This structure will

be compartmentalized to provide shielding from other areas while maintaining equipment. Operational
spares (HEPA filters) will be provided as needed to limit operational downtime for maintenance and filter
changeout.

Periodic recharge of the desiccant system will be required, however, this may be possible from outside
the shielded structure. Recharge capability of the carbon beds will also be provided. The use of the
condenser system will limit the load on the desiccant and thus extend time between recharges.

The duct/manway/silo camera interface will be such that camera changeout will not required shutdown
of the NRTS.
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D&D

Following shutdown of the NRTS system, the system must
residual rad:oactiviry in the equipment. After the decay p eriod, the
dismantled and disposed as low-level waste material. The e
containing desiccant and carbon beds) can also be removed at this time.

2.7 Operational Control System
2.7.1 F ions Provi
Monitor Operations - Provide visual feedback on the activities of equipment and personnel in the ER

during operations and maintenance.

Monitor Retrieval System - Provide remote monitoring of key superstructure mounted, retrieval system
component parameters to ensure the safe operation of the retrieval system while minimizing the need for

local manual inspections.

Remote Operability - Allow remote operation and control of primary retrieval functions necessary to
minimize manual operations in the ER or on the superstructure for routine operation. This will be
accomplished by utilizing a distributed control system (DCS). The system is conceptually defined on

sketeh aumber SK-N-04255, Controi System Architecture Drawing - Sheet 1 (Appendix A).
2.7.2 System Descripiion

Remote Operations - Table 2-1 lists the functions on each piece of major equipment which can be
operated remotely. Dedicated communications between FRVP control room and the Houdini command

PP

trailer will be provided to allow coordination. Note that the Houdini control Sysieém Can be readiiy
incorporated into the FRVP control room to allow for a centralized control point. In addition to remote
operations, the capability for local override and lockout of eq equipment witl be provided fo

as necessary.

R Monitori

Process monitoring will be provided for both remote and local monitoring including, but not limited to,
line pressure, room pressure, flow, density, and area radiation monitoring. Specific parameters will be
determined during Title I/l design consistent with control philosophy.
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2.8 Equipment Room

2.8.1 Functions Provided

Provi ntai

The ER will provide radiological containment during residue retrieval system operations. The vestibule
wiil provide a means for workers and equipment o ¢nter and exit the ER withoul spreading

contamination.

Shield Personnel

The ER will provide shielding to reduce personnel radiation exposure consistent with As Low As
Reasonably Achievable (AL ARA) requirements.

Table 2-1 - Silo t and 2 Remotely Operated Functions

Equipment Function Where Controlled
Siurry Pump Gn/Off Slurry Purnp FRVP Control
Pump Backflush
On/Off Water Jet
Rotate Water Jet
On/Off Sink Ring
On/Off Eductor Ring
Slurry Pump Trolley Raise/Lower Pump FRVP Control
Laterally position trollay
Houdini TMADS Open/Close Door Houdini Control
Laige/T ower Tether
Houdini Vehicle All Vehicie Operations Houdini Control
Houdini PDCU All System Monitors and Controls Houdini Control
Emergency Siop
Houdini TMADS Trolleys Raise/Lower TMADS FRVP Control
Lateraliy position trolley
Silo Door Hoists Open/Close Doors {individually) FRVP Contrc!
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Table 2-1 (Continued) - Silo 1 and 2 Remotely Operated Functions

Equipment Function Where Controiled
Silo/ER Containment insert | On/Off Washdown Spray FRVP Control
Variable Flow
I
Sluicing Jets On/Off Flow FRVP Control
Variable Flowrate
Rotate (pan)
Tilt
ER Ventilation Exhaust Fan { On/Off exhaust fan FRVP Control
ER and Silo Cameras Pan, Tilt, and Zoom FRVP Control
e — ——
Weather Protection

As necessary, the ER will protect the residue retrieval and support equipment from the elements. It will
also provide a sheltered means to inspect, maintain, maneuver and transport equipment within the ER as
needed to support operations and maintenance.

2.8.2 mD iption
Equipment Room

Residue retrieval equipment is housed and deployed from an ER located on the silo superstructure and
centered over the enlarged center silo manway. The ER layout is shown in Drawings SK-M-04094, SK-
M-04294, and SK-M-04095 (Appendix A). The ER is approximately 16 feet wide by 30 feet long by
30 feet tall. A large equipment door on the east wall provides ER access for personnel, equipment, and
the maintenance carriage. The floor includes steel shielding to limit the whole body exposure in the ER.

A platform in the upper level of the ER provides access to the monorail trolleys, hoists, and other
equipment mounted in the upper portion of the ER. The platform is accessed by two internal ladders.
Two small 3-ton hoists are mounted below the floor of the upper platform at the east and west ends of
the ER and are used to raise and lower the silo containment insert doors and to assist in rotating the
slurry pump/TMADS as it is lifted off the maintenance carriage. These hoists are remotely operated with
local override. A catalog cut for a typical 3-ton hoist is provided in Appendix B-17.

The ER ventilation system is discussed in Subsection 2.5. Other support systems included in the ER are
breathing air connections, compressed air connections, 120 and 240 volt electrical receptacles, fire
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extinguishers, radiation and radon monitors, process water, lighting, and an intercom system for
communications with the control room.

Vestibule

A vestibule is located on the silo superstructure on the east end of the ER. The vestibule is
approximately 16 feet wide by 25 feet long by 15 feet tall, and is of similar construction to the ER. The
vestibule serves to provide a control area for ingress and egress to the ER by personnel and equipment.
A large equipment door (similar to the one which passes into the ER) is provided for transporting
equipment into and out of the vestibule onto the superstructure. A personnel door on the south wall of
the vestibule allows an alternate egress to the superstructure. A door on the north wall allows access to
the platform for the northeast outer manway platform. The maintenance carriage tracks pass through the
vestibule into the ER along the centerline of the superstructure. The vestibule provides a radiological
buffer area for personnel to remove potentially contaminated PPEs and survey and decontaminate
equipment prior to exiting the superstructure. The floor includes steel shielding to limit the whole body
exposure in the vestibule. Additional local shielding is provided in the vestibule at the personnel change
area. The vestibule is provided with lighting, 120 volt receptacles, fire extinguishers, breathing air, and
an intercom as well as radiation and radon monitors.

2.8.3 System Utilization
Installation

The ER and vestibule are constructed as four separate modules (three for ER, one for vestibule) which
are shipped individually to the site for assembly. The modules will be lifted and instafled onto the
assembled superstructure truss one at a time while the truss sits on the ground in the superstructure
laydown area (See Drawing No. SK-G-04010, Appendix A). The roofing and siding will be installed
on the ER/vestibule after the individual modules are connected. The monorail, hoists, and cameras and
other control and auxiliary equipment will then be installed in the assembled ER/vestibule module. To
reduce personnel exposure, installation and equipment testing will be performed to the maximum extent
possible prior to rigging the ER/superstructure truss over the silo dome. Final sealing and testing of the
ER for containment will be performed after the truss has been lifted in place.

Operation

During normal operation the ER is unmanned and the retrieval equipment (slurry pump) is operated
remotely. The pump is raised and lowered remotely as the residue level in the silo is reduced as
operations dictate. The silo cameras and in-line density meters will be the primary tools used to
determine the need to raise/lower the slurry pump.

ERAFSI\WWOL1:RSAPPS\RSDATA
OU-4\PO-161\CDPLAN.RV0 2-25 - 4/1/96, 3:44pm, Rev. No.: 0



Required preventative maintenance on the ER mounted equipment is limited to routine greasing o
monorail and hoxsts A specific PM program will be developed for
FEMP Hoisting and Rigging Manual while incor rporating AL ARA practices. Relamping as necessary,
and standard maintenance on the monitors and camera systems will be required. Cameras, monitors,
detectors, and hoists will be mouated to ailow easy removal and replacement. If a component fails, it
will be replaced and the failed component will be repaired in the shop, if feasible.

D&D

The ER can be used to deploy decontamination equipment during silo D&D. The interior of the ER will
be coated with a strippable coating prior to the start of retrieval operations to allow for ease of
decontamination when the retrieval is complete.

Siio Superstructure

N
w0

2.9.1 Functions Provided

The supersiructure will provide an independentiy supported platform over each silo dome for deployment
of retrieval equipment (in including the ER, vestibule, auxiliary and support equipment, and shielding) to
acilitate retrieval and transfer operations under all anticipated ioading conditions over the iife of the

retrieval operations. The superstructure will add no significant additional load to the silo domes.

Worker Access

The superstructure will provide for worker access for routine and non-routine operations, and
maintenance on the superstructure installed equipment. It will allow for access and egress under both
normal and emergency conditions considering potential Personal Protective Equipment requirements and
other impediments.

Equipment Access

The superstructure will provide a means to lift equipment on/off the superstructure to limit the need for
an overhead mobile crane.
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enclosure, vestibule, retrieval equipment, and robotic system, and provides access to platforms for the

four outer manways, supports the dome cutting rig and the shielding plate, and provides an operating
platform for all retrieval operations. Plan and elevation views of the superstructure shown in

Drawings SK-S-04161 and SK-S-04162 (Appendix A).

The main superstructure truss is 232 feet long, 21 feet wide, and 12 feet tall. The truss rests on, and is
bolted to, two 39-foot-tall towers (12 by 21 feet). The superstructure clears the silo dome by
approximately 7 feet to allow access for workers to install dome cutting equipment and containment
devices (see Subsection 2.3). The two towers are fabricated as separate modules. The west end tower
includes the stairwell and the east end tower includes the ladders and monorail access platforms.

The west tower has a stairway for normal personnel access. A ladder on the east tower is provided for
emergency egress. A monorail and hoist are located at the east tower to raise and lower equipment to
truss height on the superstructure. Walkways and areas of normal access on the structure are provided
with 0.25-inch thick steel checkered plate which supports traffic and provides minimal personnel
shielding.

Four small equipment handling piatforms provide access near the dome level at the four outer manways.
These platforms will be used to install and adjust the water nozzies, radon treatment connections, and
camera systems which will be deployed through these manways.

Slurry and recycle water lines, NRTS ductwork, ventilation ductwork, and other utility lines run in a pipe
rack which hangs from the underside of the superstructure and is shielded from the walkway. Cable trays
for electrical distribution and signal lines are also run beneath the superstructure. A cross section of the
pipe rack showing the various pipe sizes is shown in Appendix B-18.

hl'l

The superstructure wilt be designed to withstand all applicable loads including wind loads, snow loads,
earthquake loads, equipment loads, settlement loads, dome segment loads, and piping ioads as required
by the project design criteria. The operating area (ER/vestibule) will be designed for 125 psf live load
and other areas for 60 psf live load. The superstructure will be designed with appropriate fall protection
such as swing gates, handrails, and anchors for tie-offs.
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2.9.3 Systerr. Jtilization
lation

A modular approach will be used in the construction of the silo superstructures where all superstructure
components, except for some peripherals and the end towers, will be assembled at grade and then hoisted
into place for final installation as described in the next section. This approach ailows the majority of the
fabrication to be performed at the manufacturer’s shop with limited assembly of the minimum number
of major components in the field prior to erection of the final structure. The minimum number of
modules is limited by the maximum size and weight of components which can be transported to the site

over the road.

Once the modules arrive at the site, they wili be assembied into the major superstructure components,
which consist of two towers and a single span (truss) for each silo. The towers will be assembled and
erected onto the superstructure foundations. The two superstructure spans will be assembled in the field
and transported to the superstructure laydown area where they will be set on the temporary lift mounts.
Al the superstructure iaydown area, final preparations are made for the span lifts including mounting of
the ER on the superstructure and installation and testing of superstructure equipment, piping, and
eiectrical runs. When erecied, the siio superstructures for Siios I and 2 are positioned in an east-west
orientation over the silos. Specific details concerning crane locations, lay down areas, and sequence of
erection will be finalized following award of a rigging contraci. Generai detaiis for severai rigging and

erection approaches will be outlined in the Rigging and Assembly Concept Plan which will be prepared

along with the detailed superstructurs design.

e bt st

ﬂlllfﬂl‘l lI'I f‘ﬂﬂ(‘f"‘l!"lﬂl‘l

The modular assembly approach will minimize the amount of on-site labor required in construction o
the superstructures as well as the total radiological dose to workers from the radiation field above the
silos. Substantial site preparation will be required, such as relocation of the silo fence line and utili itieg,
modification of the stormwater management system, and preparation of the crane pads. The details of
these preparations will be developed by the Fernald Environmental Restoration Management Corporation

(FERMCO) based on the final rigging and assembly plan prepared by the subcontractor.

~

Operation

There are no particular normal operational considerations for the superstructure. The hoist located on
the east end of the superstructure is used for lifting equipment and ,uaterials to span height and is locally
controlled. The stairway on the west side of the superstructure provides access to the span for normal
operations while the ladder is for emergency egress. The dome support cables should be maintained in
a slack condition so as to not place upward load on the dome. This condition should be monitored on
a regular basis to identify potential dome integrity issues.
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Maintenance

Access way lights will require periodic relamping. The tower hoist will require preventive maintenance,
Integrity of the dome support cables will be checked periodically.

D&D

Following bulk retrieval, heel and discrete object retrieval, the superstructure can be used to support silo
D&D activities. It will remain in place through washdown of the interior silo walls and may be used for

the actual silo demolition.

2.10 Superstructure Foundation

2.10.1 Functions Provided

The foundation will provide support for the silo superstructure and al! loads imposed on it over the Jife
of the project.

2.10.2 Description

A foundation will support the tower at each end of the superstructure. The towers are located
approximately 64 feet from the silo wall and are oriented 180 degrees apart in the east-west direction
across the silo. The foundations are stee] reinforced concrete mats, approximately 32.5 feet by 22.5 feet
and 3 feet thick. The mats will be founded approximately 2 feet above the pre-existing natural ground.

2.10.3 Installation

Prior to the foundation excavation, the existing silo fence will be relocated and temporary bridging may
be constructed across the existing stormwater management swale for access if required, The existing RTS
will be protected during the foundation excavation and will remain operational until the NRTS is in
service. The excavation will extend w approximately ! foot below the natural grade to reach firm
bearing and then backfilled with 3 feet of crushed stone supporting the concrete mat. The existing silo
berm will be regraded to a 2H:1V slope in the vicinity of the superstructure foundations to allow the
foundation construction. The soil excavation will be accomplished with a long reach backhoe or other
similar equipment. Following excavation, a 3-foot base layer of compacted stone will be added and the
foundations will be poured as shown on Drawing SK-G-04053 (Appendix A).
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2.11 Berm Height Reduction and Material Management

2.111 Functions Provided
Redyce B

Lowering the berm height will reduce exterior pressure on the silo walls as residues are remaved.

:\n:.luﬁ'v'iﬁg €xCEss berm toaierial from ine immediate v1c1mty of the siio area will minimize interference
and provide temporary control and management until final disposition.

Seal Silo Walls

Depending on the condition of the silo walls as they are uncovered, it mzy be necessary to minimize
infiltration of air into the silo headspace by applying a sealant to the silo walls as they are exposed.

2.11.2 Description

The berm material will be removed during Stages IT and I of the civil work (Stage I includes silo
superstructure foundation installation). Each stage will reduce the overall berm height by approximately
10 feet. This requirement is based on structural modeling of the silos which indicates that the silo walls
will be stable if the difference in height between the average residue level inside the siio, and the berm
on the outside of the silo, does not exceed 10 feet.

Excavated berm material wiil be removed from the immediate area, and stored temporarily pending final
disposition based on contamination levels in the material, site requirements for backfill, and the
availability of the On-Site Disposal Cell. The soil will be stockpiled in accordance with the Removal
Action 17 Work Plan. Soil will remain in the controlled stockpile until its final disposition is determined.

As necessary, exposed portions of the siio exterior wails wiil be coated with a water-based sealant to seal
any cracks and reduce air infiltration sufficiently to maintain an adequate negative pressure in the silo

without exceeding the capaci ty of the NRTS.

. . . . . : » .
Excavation of the berm material surrounding the silos will begin after the superstructure residue rewrieval

systems, NRTS, and the FRVP are operational. Excavation will be performed through the use of long
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reach backhoes operating from the base of the berm to minimize the presence of heavy machinery on the
berms and to reduce worker exposure by maintaining distance from the silo walls. The use of localized
radiation shielding mounted directly on the backhoes will be considered based on actual exposure levels.
Berm material will be retrieved in a top down fashion with the excavated material being placed in dump
trucks for immediate removal. Berm height will always be maintained greater than the level of residues
within the silos. Based on structural considerations for the walls, the height difference between the
residue and berms shall not exceed 10 feet.

For purposes of concept clarity, the sketches show Stage II and Stage III of berm excavation. Stage ]
provided local excavation for superstructure foundation installation. The maximum depth of berm
removal at any one tirme should be 3 to 3.5 feet with the excavation generally proceeding in complete cuts
around each silo. The maximum localized cut at any location should be 4 feet. Stage II represents the
condition after approximately 10 feet of berm has been removed (See Drawing No. SK-G-04054,
Appendix A). This excavation stage should ideally begin after the surface of the residue has been
lowered by approximately 5 to 8 feet. Considering that earthwork is most desirably done during May
through October, the scheduling of excavation should be coordinated with the projected rate of residue
retrieval so that retrieval operations do not have to be interrupted while waiting for suitable weather to
excavate berm materials.

Stage I represents the condition after approximately 20 feet of berm materials have been removed (see
Drawing No. SK-G-04055, Appendix A) and is the final stage of berm excavation. . Stage ITT will
probably be done during the construction season following Stage II with the progress of excavation to suit
the guidelines described.

The actual amount of berm lowering for each stage will be allowed to vary slightly to suit actual
conditions and the requirements described. After each stage, or whenever excavation is stopped for a
period of 4 weeks or more, the disturbed areas will be hydroseeded and covered with an erosion control
blanket, such as "Excelsior Mat" or other equivalent mat, to minimize erosion and sedimentation. A siit
fence/hay bale barrier will be in place prior to any excavation operation. During all excavation
operations the existing stormwater management system surrounding the silos will remain functional and
in operation.

Sealant

After each stage of berm lowering, the silo walls will be inspected and a sealant will be applied to the
exterior of the silo walls, as deemed necessary, to limit air infiltration to the silo headspace through
cracks in the silo walls. The sealant will be applied from a spray device mounted on long reach
equipment which allows controlled application of the sealant with minimal overspray while keeping the
operator at the base of the berm out of the higher radiation fields next o the silo walls.
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.
Rerm Material Management

Berm material which is removed from the silo area will be managed in accordance with RA 17 Work

Plan and FERMCO procedure EW-0006, "Management of Excess Soil, Debris, and Waste From a
Project.” The excavated soil will be stored within the OU-4 or other designated site area in a controlied

stockpile for eventual disposition at the On-

Site Disposal Facility (OSDF) or, if soil exceeds OSDF waste acceptance criteria, an off-site disposal
facility. The stockpile will be located in an area that does not interfere with silo remediation activities.
Excavated soil will be stockpiled for use as backfill within OU-4 as possible and necessary.
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SECTION 3

PNEUMATIC RETRIEVAL OF METAL OXIDES

Silo 3 contains 5,088 cubic yards of residues, known as cold metal oxides, which were generated at the

TR AT T . PP, S P Jup idaan o o Awec A Aaws mnatarial arhish nracs

roivir Sie uuliug uranium extraction Operauoiis. The residue is a \.u_y POWGIry maltlia: Waild was
placed into the silo pneumatically. Sample results (DOE 1993 and Stone 1995) indicate the material has
a low moisture content (less than 10 percent) and an angle of repose of approximately 20 to 30 degrees.
Localized areas of agglomerized residue may exist within the silo at the residue surface or along the silo

walle due to the infiltration of moisture,
Silo 3 is a large, cylindrical, above-grade, concrete vessel with post tensioned steel reinforcing, similar
to the K-65 Silos. The silo is 80 feet in diameter, 36 feet high at the center of the silo, and 26 feet high
at the silo wall. Unlike the K-65 Silos, Silo 3 does not have a surrounding berm and its walls are
exposed. It also does not have a center sump.

A series of flanged decant ports, spaced a foot apart are located vertically along the east and west walls.
Silo 3 has seven major manways in its dome. Four of the openings are 20-inch ID flanged manways
located on a circle 25 feet from the center of the dome. A fifth manway is located near the center of the
dome. The remaining two openings are approximately 20- and 24-inch ID circular hatches located near
the silo walls on the north and east sides, respectively. For more detailed information on the K-65 Siios
see the Remedial Investigation Report (DOE 1993).

The residue retrieval systems for Silo 3 will access the silo contents at grade through new penetrations
at the base of ihe silo walis. The reirieval equipment will be housed in Equipment Enclosures (EE)
located on the east and west sides of the silo. The EEs will provide containment and environmental

aomtmnle £ao th Tonr . i i
controls for the retricval cquipment. Because the floor of the silo is below the existing grade, soil will

be excavated and the EE will be placed on concrete pads at the bottom of the excavations.

Two holes, approximately 8 inches in diameter, will be drilled in the silo walls, approximately 180
degrees apart, at the existing decant port locations. Initially, mechanical augers will be inserted several
feet into the silos through the new penetrations. The augers will feed the pneumatic transport system and
lower the residue level in the silo. Once the level is lowered sufficiently, the augers will be removed and
the 8-inch silo penetrations will be enlarged to allow a pneumatic tube to be extended further into the silo
to retrieve residue from the center of the silo. Following bulk retrieval operations the Houdini vehicle
will be relocated to Silo 3 and deployed in one of the EEs through the enlarged opening for heel removal
and discrete object management.
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As identified in the Letter Report on Residue Retrieval Methads for Silos 1-3 (PARSONS 1996), the
primary advantage of this scenario is the fact that it does not require construction of a superstructure over
Silo 3 or dome segment removal. This avoids lifts of heavy equipment over the dome and eliminates the
need for personmel to spend significant amounts of time over the dome performing operations and
maintenance in an area with significant external dose. Additionally, penetrations made in the silo wall
do not immediately access the radon containing dome headspace. The silo walls have 8 inches of
concrete which provides more effective shielding than the 4 inches in the silo dome. Operations at grade
will be easier to shield, easier to control, and can be performed more time efficienty.

Drawing SK-G-04010, Appendix A, provides a plan view of the silo area and provides a simplified
layout. The various subsystems which comprise the overall residue retrieval system are discussed in more
detail in the following sections. The Drawing Index SK-X-04163 located in Appendix A provides 2 list
of the Preliminary Design Drawings which have been developed in support of this effort. These drawings
are referenced throughout the subsystem descriptions.

3.1 Pneumatic Retrieval System

3.11 Fungtion vi

Bulk Retrigval - The pneumatic retrieval system will remove the dry, free flowing metal oxide residues
from Silo 3 for transfer to a filter receiver. The system must be able to handle material of varying

consistency including clumping and small chunks of agglomerated residue. Drawing SK-F-04077
provides a process flow diagram for the pneumstic retrieval system (Appendix A).

Maintain Contajnment - The pneumatic retrieval system will prevent the release of residues to the
environment,
3.1.2 D ion

The system is comprised of the following four major components:

Auger - The auger arrangement is shown in Drawing Nos. SK-M-04207 and SK-M-04206, Appendix
A. The auger utilizes a specially constructed 6-inch diameter screw conveyor. The screw conveyor is
cantilevered 4 feet into the silo with more than half of its section exposed to the material. The last 12
inches on the auger tip is tapered and 2 special insert in the tip helps dig into the residue, The
cantilevered section of the auger will have teeth to help erode any residue which might have become
compacted or hardened. The screw conveyor will be reversible to counteract jams and has an extra large
shaft for rigidity. Catalog cuts for the conveyor and its housing are provided at Appendix B-19 and B-20.
The auger discharges through a small hopper and an in-line delumper crusher which ensures that the
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residue is crushed to manageable particle sizes (see Appendix B-21). From the lump breaker, the
material is discharged into a sma!l hopper which feeds a rotary airlock (see Appendix B-22) that
discharges into the pneumatic conveying system. The pneumatic conveying system is a closed loop
system. Residue is removed from the airstream in a filter receiver and conveying air is cooled, and
recirculated back to the solids pick-up point beneath the rotary valve in the EE. The hopper on top of
the lump breaker is provided with a high level swiich which will detect a build-up of marerial due to
overfesding or pluggage downsiream. The auger has a variabie speed drive to allow matching the reclaim
capacity of the auger 1o the conveying capacity of the preumatic conveying system.

Preumatic Retrieval Tube - The pneumatic tube arrangement, shown in Drawing No. SK-M-04209,
Appendix A, Is installed in the EE into the silo through an enlarged (4 foot wide by 3 foot high) opening
in the silo wall. The preumatic retrieval tube is constructed with a special head that aids in fluidizing
residue. It is also provided with 2 small pipe with 2 venturi end that can bring instrument air to the tip
of the tube in case of pluggage. The tube head is of a double wall construction where an airflow is
induced in the outer tube from the suction applied to the inner tube. The head has a gentle hend thar
directs the opening of the tubes towards the floor. It is also provided with two casters that help roll the

head along the floor.

The pneumatic retrieval rube is made of 5 foot sections which screw together and which are connected
in the EE to an end piece with 2 pnenmatic hose. This hose connects the pneumatic retrieval tube to the
pneumatic conveying system. Note: The pneumatic conveying system (vacuum blower and filter-
recetver) will be located outside of the EE. Residue is removed from the airstream in a filter receiver and
conveying air is filtered and recirculated back to the silc headspace. This cycle creates a closed loop
system. A simpie attachment with an electric hoist and 2 sheave arrangement makes it possible to
advance the tube. Additional 5 foot sections are added manually as required to advance the retrieval tube

[P

further into the silo.

Decant Port Ajr Lance - An air lance, consisting of 5 foot sections of air pipe, is manuaily inserted
horizontally through one of the existing decant ports in the silo wall within the EE. The air lance passes
through a clamping device which is bolted 1o the decant port flange. This device provides a positive seal
against residue ieakage. Instrument air is injected through the air lance to assist in fluidizing the residue,
breaking up clumps, and collapsing ratholes. A sketch of the decant port air lance configuration is

provided at Appendix B-23.

Silo Backing Plate - The silo backing plates are approximately 1t feet wide and 9 feet high and conform
to the curvature of the exterior of Silo 3. The backing plates are constructed of carbon stes] and are
welded to a structural frame (see Drawing No. SK-M-04207 and SK-M-04206). Each backing plate is
constructed with a vertical sliding door arrangement to accommodate the final 4-foot-wide by 3-foot-high
opening (see Appendix B-24). Mounted within the 4.5 hy 3.5 foot doorway is a 10-inch flange which
will accommodate a 10-inch knife gate valve (see Appendix B-25). Three 9 by 9-inch openings are
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located along the vertical centerline of the backing plate to allow access to the decant ports with a high
pressure lance. Four pins are located in the corners of the backing plate to allow alignment with the EE
when it is installed, The backing plate bas attachments welded along both outer edges to accommodate
hold down cables. The backing plate is sealed to the existing silo wall with grout as described in
Subsection 3.1.3.

3.1.3 System Utilization
Ingtallation
The backing plates will be installed using the following general steps:

1§ The backing plates will be positioned on either side of the silo, centersd over the existing decant
ports. These areas will have already been excavated and foundations installed as discussed in
Subsection 3.7.

2) The backing plates will be provided with temporary support to allow grout placement between
the backing plate and the silo wall. Temporary buikheads will be set on the sides of the plate to
seal the opening between the frame and the wall. The plate will be set to maintain an optimum
clearance between the plate and the silo wall for the grout installation.

3) A high strength flowable grout will be cast in the space between the plate and the silo wail, The
grout will be used to provide a smooth bearing for the plate on the wall without requiring any
physical grinding or blasting of the wall surface. The temporary supports and bulkheads will be
removed after the grout has set and reached the required strength.

4) Prestressing strands will be attached to the locations prefabricated on each side of the frame.
These will be seven-wire single strand tendons of high-strength prestressing steel with an ultimate
strength of 270 ksi. The strands will be galvanized to provide corrosion protection while exposed
on the surface of the tank wall. The number of strands required will be determined by the finite
element analysis of the silo with the penetrations. The strands will be long enough to reach 90
degrees around the silo, plus 4 feet to facilitate use of an overlap anchorage.

5) Each strand will be pulled to a location halfway between the two penetrations. An overlap
anchor will be used to anchor and tension the strands one at a time. Stressing of a strand at any
given elevation will be done simultaneousty on both sides of the silo to ensure a balanced load
on the plates and wail. Depending on the resuits of the finite element analysis of the wall and
the plate design, the prestressing of each level of strands may be done in several partial stressing
operations.
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6) At this point the steel frame will have been sealed and secured against the wall without intreding
into the wall structure, Subsequent silo wall coring operations (see Subsection 3.3.2) and
installation of the EE can now take place.

The auger equipment is premounted in the EE with an adjustable guide system. Premounting allows
construction, instaliation, and testing of the equipment prior to shipping to the site. Once the EE has
been located on its foundation and attached to the backing plate, the auger is aligned and inserted through
the flanges in the backing plate using jacks and the guide system. At the completion of auger operations,
the auger system is disassembled into smaller components, which are packaged and removed from the
EE via the vestibule,

The pneumatic retrieval tube is installed in the EE after the auger equipment has been removed. The tube
equipment is brought into the EE through the vestibule using the monorail where it is rigged into place
and bolted to the floor. At the completion of operation of the retrieval tube, it is disassembled, packaged,
and removed from the EE via the vestibule.

To deploy Houdini, the pneumatic tube must be removed from either of the EEs. A pneumatic hose
assembly will be installed (connected to the conveying system) for use by Houdini. Houdini is installed
and the EE prepared for Houdini deployment as follows:

by The TMADS unit is bolted into a support structure and lifted onto the EE where it is secured in
place. A flexible boot is attached which seals the bottom of TMADS to the EE roof opening.
The pre-engineered roof section and a portion of the monorail are then removed.

2) . A tether swing guide with roliers is installed in the EE from the roof.
3) The Houdini access ramp is installed,

Qperation - Once the auger is installed and set up in the EE, operation is controlled remotely. The
operator uses monitored system parameters and the installed camera system to control operations. Should
material flow difficulties occur inside the silo, air pressure is applied through an air lance which can be
manually inserted through one of three decant ports along the side of the silo. The compressed air will
assist in fluidizing the residue, breaking up clumps, and collapsing ratholes.

Retrieval operations with the pneumatic tube are also controlled remotely. The operator remotely
advances the tube into the silo and activates the pneumatic conveying system based on monitored system
parameters and the installed camera system. Additional pipe lengths, when required, are manually
installed in the EE.
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During shutdown of the pneumatic conveying system at the end of each shift or for repairs, it will be
necessary to ¢lear the pneumatic transport lines of any holdup material to limit the potential for radiation
exposure and/or inadvertent refease. To ensure that holdup material is limited, the transport system will
continue running for S5 minutes after the retrieval system is stopped. In the case of the auger, this
requires stopping and reversing the auger. For the pneumatic retrievai tube and for Houdini, the retrievai
tube/wand is pulled back out of the residue and allowed to recirculate air. Fresh instrument air can be
injected by the venturi tube to further flush the system with clean air. If pluggage occurs in the
pneumatic retrieval tube, the tube can be withdrawn into the EE for removal of the solids. Alternately
the tube could be cieared with pressurized air. Thete options would only be necessary in the most severe

Cases.
Maintenance - The auger will have periodic required maintenance consisting of lubrication and mechanical
adjustments. This maintenance as well as repair or unplanned maintenance will be performed in the EE.

The pneumatic retrieval tube has litde or po regular maintenance. Preventive maintenance can be
satisfied when personne! enter the EE to insert additional sections of tube.

Heel Retrieval - Following buik retrieval operations, Houdini will be deployed through the enlarged wall
opening. Houdini may deploy a manipulator held pneumatic vacuurn tube for local retrieval operations.
The vacuum tube hose will connect to the existing pneumatic transfer system. Houdini can also push

residue across the silo floor to the other retrieval system using its vehicle-mounted plow blade.

D&D and Systemn Removal - None of the residue retrieval equipment have any foreseeable use in D&D.
The retrieval equipment can be disassembled in the EE and packaged for disposal.

3.2 Houdini Robotic System

3.21 Functions Provided
Heel Removal

Following bulk retrieval, Houdini may be deployed into Silo 3 to remove residues which could not be
accessed by the bulk retrisval system.

Discrete Obj ianagement

Following bulk retrieval the vehicle may be depinyed in the silo to manage discrete objects which were
not retrievable by bulk retrieval operations.
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Decontamination and Decommissioning

Houdini may assist in the inspection and final D&D of Silo 3 after the completion of retrieval operations.

3.2.2 System Description

The Houdini system is comprised of five major corsponents as described in Subsection 2.2 for Silos 1
and 2. For Silo 3, however, the EE will be prepared as described in Subsection 3.1.3 and the system
will be employed as described below and shown in Drawing No. SK-M-04208, Appendix A.

3.2.3 System Utilization

Installation

The Houdini robotic system is expecied only to be used io support heel retrieval operations at Silo 3.
Therefore, the design is such that the system will not be installed in Silo 3 until the completion of bulk
retrieval operstions. Prior to this time it will be used in either Silo | or 2. Since the Houdini system
will service all three silos, it will be readily transferrable between sijos.

The Houdini system is instalied manually. The TMADS is bolted onto its support stand which is then
rigged and mounted above the EE using a small mobile crane. A flexible boot seals the TMADS unit
to the EE roof opening. The PDCU unit will be located adjacent to the EE on a concrete pad. Cables
are run between the TMADS and the PDCU and from the PDCU to the control console in the control
trailer. A permanent set of cables and hoses will be installed and all electrical and hydraulic connections
to the PDCU will have quick disconnects to minimize set-up and take-down time.

Operations

The Houdini vehicle is deployed remotely from the TMADS through its bottom door. The vehicle is
lowered into the EE through an opening in the roof. Since the TMADS is sealed 1o the EE, air pressure
is maintained slightly negative with respect to the atmosphere by the EE ventilation system. Once the
vehicle is hanging in the EE it will unfold into its deployed position and be lowered onto the EE floor.
From this position it can travel under its own power up the EE ramp and proceed into the silo, The
vehicle can select and carry a pneumatic hose for local vacuuming as necessary within the silo as well
as perform other heel retrieval support tasks.

Maintenance

Minor maintenance and system checks will be performed on the vehicle in its stowed position in the
TMADS prior to mounting on the EE.  Access to the vehicle is achieved by removing the appropriate
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plate to allow access. Required maintenance after initial deployment may be performed in the EE. Any
major maintenance will require that the TMADS (or PDCU if applicable) be removed from the immediate
silo area to reduce radiological exposure to the maintepance personnel.

In the event that the vehicle fails, it can be dragged back into the EE by the tether reel. A roller
assembly instalied in the EE will assist in tether retrieval and guide the tether back into the TMADS.
Once the vehicle is pulled from the silo, manual support by personnel may be reguired in the EE to
successfully retrieve a failed Houdini vehicle into TMADS.

Removal/D&D

At the completion of its use in a specific silo, the vehicle will be gross decontaminated as possible and
stowed and sealed in the TMADS module to provide shielding and containment during transport. The
TMADS box will be swiped for radiological contamination prior to removal from the EE and will be
further decontaminated or packaged if required.

Houdini may be used to perform internal silo concrete inspection following heel retrieval. It could also
be used to spray the wall with sealant prior to demolition and could be configured to take swipe samples
for concrete contamination evaluation. :

3.3 Silo Wall Cuts
3.3.1 Eunctions Provided

Equipment Access - Silo wall cuts wili allow access to the silo residue by the pneumatic retrieval
equipment and the Houdini vehicle for heel removal and object management.

Maintain Silo Integrity - The cuts will ensure the continued ability of the silo to contain silo residues and
prevent release to the environment.

3.3.2 System Description
Silo access is provided through a sequence of new penetrations in the silo walls.

Silo Banding - The post-tensioning construction of Silo 3 invoived wrapping numerous steel wires around
the circumference of the concrete tank. The steel wires were tensioned and then covered with a layer
of shotcrete to protect them from the elements. To penetrate the silo wall for access a significant number
of these wires must be severed and it is necessary to retain the cut wires and keep them from breaking
out of their shotcrete layer, These functions are performed by the silo backing plate described in
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Subsection 3.1.2. The backing plates are held in place by tensioning cables which place compression on
the silo walls. The backing plates are sealed to the silo wall with grout. These tensioning forces
additionally replace the forces of the wires which are to be subsequently cut as well as keeping them from
breaking out of the outer shotcrete layer. The wire tensioning cables are galvanized and can remain in
place throughout the period of residue retrieval and subsequent silo D&D.

Silo Wall Drilling - An initial 8-inch diameter hole will be drilled in the silo wall through a i0-inch
flange in the backing plate at each access location to provide access for the auger retrieval equipment.
The hole will be drilled using a diamond tipped concrete coring bit and an eiectricaily driven concrete
drill. The following basic steps are taken to accomplish the 8-inch cut:

1) A 10-inch knife gate valve is mounted on the backing plate flange. The interior of the flange was

)
o
o
o
]

3) A hole is then drilled through the gate valve, grouted flange, and concrete wall. Note: the gate
valve should be in the open position prior to drilling. A small amount of water (<2 gallons) is
used during the drilling operation. The majority of this water will flow back into the containment
box, where it will be removed with a vacuum.

4) Once breakthrough is achieved, the drill is backed out of the opening. The drilled grout provides
a sealing sleeve to prevent the uncontrolled release of silo residue during this operation. Once
the bit and concrete plug clear the gate valve, the gate valve is shut, sealing the residue in the
silo. A blank flange is installed on the outside of the valve flange for additional containment until
the EE is installed.

5) Any residue which has escaped the gate valve is vacuumed from the containment box (along with
cooling water). The exterior of the valve is decontaminated (if necessary) and the box and drill
arrangement are sealed and removed.

6) At this point the new opening has been sealed and secured. Installation of the EE can now
proceed.

A sketch of the drill/containment arrangement and catalog cuts for core drilling equipment are located

in Appendix B-26, B-27, and B-28.

Silo Wall Cutting - Following completion of retrieval operations with the auger. The auger equipment
is removed and a local vacuuming device or vacuum hose is manually instalied in the 10-inch gate valve
via a bag-in/bag-out operation. The vacuuming device is used to remove any remaining residue in the
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seal. In the event that the inflatable insert seal develops a smali leak, a foam mixture can be pumped into
the seal to fill and seal the puncture.

Removal/D&D

The silo insert will remain in place until preliminary D&D is completed on the silo. The insert spray
rings will continued to be used for gross decontamination of equipment leaving the silo. The insert will
be constructed of stainless steel to facilitate its decontamination prior to final disposition.

2.5 Equipment Room Ventilation

2.5.1 Functions Provided
Directiona] Airflow

The control of contamination is accomplished through the use of differential air pressure and directional
airflow. By maintaining air pressure in the ER at a negative pressure with respect to the atmosphere and
at a positive pressure with respect to the silo headspace an inherent directional airflow from areas of less
potential contamination to areas of greater contamination is created. The release of particulate
contamination from ER discharge air will be prevented through the use of air cleaning devices (particulate
filtration). This air will not be treated for radon due to the limited concentrations expected in the ER
throughout the project.

Ventilate and {

Ventilation capability through the ER and the vestibule is provided to ensure that electrical equipment is
maintained at temperatures less than National Electrical Manufacturers Association (NEMA) equipment
ratings during hot weather. Airflow through the ER and vestibule is maintained during periods of

occupancy to promote a comfortable, healthy, safe environment for workers.

2.5.2 System Description

Ventilation is comprised of four major components as shown on Sketch SK-F-04075 (Appendix A), and
described as follows.

Air Cleaning Devices

The air cleaning devices are used to remove dust particles from the ventilated air prior to its exhaust to
the atmosphere.
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immediate vicinity of the opening on the inside of the silo. The silo interior 1s inspected with the dome
mounted cameras to ensure residue is cleared from the inside of the opening. The 8-inch penetration is
then enlarged to the final 4-foot wide by 3-foot tall opening. This opening is cut through the preinstalled
silo backing plate which provides mounting for the silo slide door. A hand beld, hydraulic, diamond
tipped concrete saw is used for this enlargement. The hole is cut manually by an operator dressed in full
contamination clothing and supplied air. During the cutting evolution the cut slab is secured in piace with
anchor boits. Local HEPA filtered vacuum and subsequent decontamination are used to reduce the
contamination levels in the EE. After the cut is complete the same anchor bolts are used to rig and
remove the siab using the monoraii hoist and a hand winch. As the siab clears the opening, the slide door
is shut to isolate the EE from the silo. The slab is then packaged (bagged) for removal from the EE.
The packaged slab is removed from the ER using the monorail hoist. A catalog cut for a fypical concrete

cutout saw is located in Appendix B-29,

3.4 Equipment Enclosure/Silo Ventilation
3.4.1 Functions Provid
Containment - Prevent the spread of contamination by maintaining air pressure in the EE at a negative

pressure with respect to the atmosphere and zir pressure in the silo headspace negative with racpect to
the EEs. ‘The release of particulate contamination from EE and silo discharge air will be prevented
through the use of air cleaning particulate filtration devices and local vacuuming devices. Additionally,
the silo headspace discharge air may be treated to reduce radon levels, if necessary.

Ventilate_and Cool - Maintain airflow through the EE to ensure that electrical equipment is maintained
at temperatures less than NEMA equipment ratings during hot weather. Provide sufficient airflow
through the EE during periods of occupancy to promote a comfortable, healthy, safe environment for
workers.

3.4.2 System Description

Ventilation is comprised of four major components as described below and shown on Drawing SK-F-
04077 (Appendix A).

Aif Cleaning Devi

The air cleaning devices are used to remove dust particies from the ventilated air prior to exhausting to
the atmosphere. Each assembly unit will be supplied with a prefilter section, test sections, and 2a HEPA
filter section. Differential pressure gauges will be insialled for each prefilier and HEPA filter. An alarm
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wiii be provided locally and at the FRVP control room for high and low differential pressure across
prefilters and HEPA filters (see Appendix B-14 for typical filter unit).

Exhaust Fan

The silo exhaust fan is provided with variable speed control to allow its operation at the different flow
rates required throughoui retrieval operations. During auger retrieval, there is no significant airflow
between the EE and the silo (openings are small, well sealed and generally submerged), therefore, only
a small airflow is required to maintain a negative air pressure in the headspace. After the silo
penetrations have been enlarged and uncovered, a larger airflow will be required to mainain a negative
air pressure in the silo relative to the EEs (see Appendix B-30 for typical exhaust fan).

The EE exhaust fans are used to maintain a design volume flow rate from the EE and will be interlocked
with a motorized air inlet damper to maintain a negative pressure in the EE. EE exhaust fans will be also
interlocked with silo exhaust fans to insure air pressure in the silo headspace remains negative with
respect to the EEs. The exhaust fans will be installed on a concrete pad external to the EEs.

Stack

Air discharged from bath EEs and the silo headspace will be discharged through a single stack. The
stack will terminate above the EE roof and structurally designed to withstand maximum predicted wind
ioad. Tsokinetic sampiing will be instafled in the stack to provide emission monitoring of particulate.
Alternately, these exhausts could be piped directly to the FRVP off-gas system or the NRTS to eliminate
the need for this stack.

Air Infet Paniper

A motar-operated zir inlet damper iocated in the outer vestibule wall provides a controlled influx of
outside air through the vestibule and into the EE while maintaining the EE at a negative pressure relative
to atmosphere. An additional damper will be provided on the silo dome to prevent excessive negative
pressures in the silo headspace. Appendix B-16 provides a catalog cut for a typical inlet air damper.

3.4.3 System Utilization
1 lation

The air cleaning devices, fans, and stack will be instailed on the ground next to the silo after installation
of the EEs.
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Operations

As depicted in DWG-F-04077, airflow in the EE will be as follows: outside air will enter through a
motorized air inlet damper in the vestibule, move across the vestibule, enter the EE through a second
manual damper in the vestibule/EE wall, and then be exhausted through air cleaning devices by the EE
exhaust blower into the monitored exhaust stack. This will provide for directional airflow from the
highest relative pressure (atmosphere) through the vestibule and EE. The silo exhaust fan will maintain
a negative pressure in the sifo headspace with respect to the EE. Therefore, any airflow between the silo
and EE will be into the silo.

During auger retrievai, air wiil enter the silo through the air control damper. Additionally, some
infiltration may occur through minute cracks which may exist in the silo walls and dome. If air lancing
is required through the decani ports to break up ciumping and prevent bridging around the auger, the
injected air will also be exhausted through the siio exhaust fan.

During auger retrieval the pneumatic retrieval system is at a negative pressure with respect to the silo,

EE, and atmosphere. It is also 2 closed system so there is no air flow to, or from, &t 2nd the EE or the

silo.

Following enlargement of the wall penetrations (pneumatic tube or Houdini operations) an additional
quantity of air will enter the silo through the EE openings and be drawn into the silo due to the
differential pressures.

When the EE is occupied or when temperatures approach 100 degrees F, the exhaust fan will be started
to pravide ventilation and cool the enclosure. Operational spares (HEPA filters) will be provided for the
EE and silo ventilation systems. Low and high differential pressure alarms will be provided for prefilters
and HEPA filters to indicate a leak in the filters or time to change filters.

Isokinetic stack samplers will determine and record the total quantity of air released to the atmosphere
and identify the quantity and concentration of radionuclide emissions.

Maintenance

Except for the air intet damper, ali equipment requiring maintenance wiil be externai to the EE. Fiiter
replacement will be by bag-in/bag-out operation. The stack sampling station will require a well-lighted
access platform for inspections and/or service.
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Removal/D&D

The EE and silo ventilation systems will remain in operation throughour D&D operations until
containment is no longer required on Silo 3.

3.5 Operational Control System
3.5.1 Functions Provided
Monitor ti

The cperational control system will provide visual feedback on the activities of equipment and personnel
in the EE during operations and maintenance.

Momitor Reirigvai System

The system will provide remote monitoring of key retrieval sysiein cOmponeint parameters (o ensure the

safe operation of the retrieval system while minimizing the need for manual inspections. System
Ane & sl

parameters will include flow, pressures, levels, etc., o be determined during Title I design of the

residue retrieval system consistent with the established control philosophy.
Rem rabili

The operational control system will allow remote operation and control of primary retrieval functions
necessary to minimize manual operations in the EE for routine operation. This will be accomplished by
utilizing a DCS. The system is conceptually presented by Sketch SK-N-04295 (Appendix A).

3.5.2 System Description

Table 3-1 lists the functions of each piece of major equipment which can be operated remotely. Al
remotely operated equipment will have local override and lockout capability as necessary.

Operation of the residue retrieval systems must be integrated with operational control of both the Houdini
system, and the FRVP (including NRTS). Although there may be separate operators to control functions
specific to the different systems, adequate communications reust be provided so that operations can be
ciosely coordinated. As an example, control of some egquipment (cameras) may be shared and system
parameters must be available at multiple locations.
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Although the Houdini system is provided with its own independent command trailer, the Houdini console
could be relocated to a common control area within the FRVP. Since the residue retrieval systems are
normally remotely operated, their control center could aiso be located within a common FRVP controt
area. The details concerning the location of the residue retrieval system control center and Houdini
Command Center will be defined during detailed residue retrieval design.

Table 3-1 - Silo 3 Remotely Operated Functions

Equipment | Function ;hm Cn:tx-olleem:lmlH
Auger Basic Auger Functions FRVP Control
Preumatic Retrieval Tube Compressed Air FRVP Control
ﬂ Vacuum On/Off
Advance/Retract
Houdini TMADS Qpen/Close Door Houdini Control
Raise/Lower Tether
ﬂ Houdini Vehicle All Vehicle Operations Houdini Control
| Houdiai PDCU Open Main Breaker Houdini Control
, Silo Slide Door Open/Close Door FRVP Control
I Knife Gate Vaive Open/Close Gate FRVP Control
EE Ventilation Exhanst Fan | On/Off Exhaust Fan FRVP Control
Silo 3 Exhaust Fan Ow/Off Exhaust Fan FRVP Control
EE Cameras Pan, Tilt, and Zoom FRVP Control

3.6 Equipment Enclosurs
3.6.1 Eunctions Provided
Provide Contai

The EE will provide containment for the residue retrieval system and during the 4-foot by 3-foot wall
cut, It will prevent the release of particulate contamination to the environment and provide a means for
workers and equipment to enter and exit without spreading contamination.
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Shield Workers

The EE will provide shielding to reduce personnel radiation exposure consistent with ALARA.

Retriev ipment

The EE will provide a stable operational platform for the residue retrieval equipment. As necessary, it
will protect the residue retrieval and support equipment from the elements and provide a means to
maneuver and transport equipment within the EE as needed to support operations and maintenance.

Ry s - _ oy - -
J.9.4 System Descrniption
T mcemammne o T
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Two identical and scparale oC3S afc Pluvndcd for Silo 3 Each EE module has overall dimensions

(including vestibule) of 10 feet wide by 32 feet long by 13 feet tall and is located on its foundation pad
immediately adjacent to the silo wall. An opening in the front of the EE (facing the silo) is connected
and sealed to the silo backing plate for containment. The retrieval equipment is installed in the main
portion of the EE. The EE is constructed of metal siding on a structural steel frame with a steel p!av,.
floor. A door is located for ingress and egress of personnel and equipment from the EE via the vestibule.

The EE is provided with lighting. The ventilation system is discussed in Subsection 3.4. Other support
systems included in the EE are breathing air connections, compressed air connections, 120 and 240 volt
electrical receptacles, a fire extinguisher, radiation and radon monitors, and an intercom system for
communications with the control room and the Houdini command trailer.

Vestibule

The vestibule is a separate room within the EE. Its dimensions are 10 feet wide by 10 feet long by 13
feet tall. The vestibule construction is the same as the EE. The vestibule provides space for personnel
changeout and equipment survey prior to exiting. A set of double doors are located for personnel and
equipment ingress and egress from the vestibule. The vestibule is provided with lighting, breathing air,
fire extinguishers, 120 volt electrical receptacles, radiation monitors, and an intercom.

Monorail System

A 4-ton monorail system is mounted on the structural roof members of the EE and runs along the center

axis of the EE from the silo wall to the exterior of the EE/vestibule. A trolley located on the monor.

is used to lift the auger/conveyor and the pneumatic tube. The trolley is locally operated can be locked

into place in the EE in their deployment positions.
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Camera System

A ciosed circuit video system provides for monitoring both equipment and personnei operations in the
EE and equipment operations within the silo. A single color camera is mounted in one corner of the EE
while another two additional cameras are provided in two of the ouier manways of the silo dome. The
cameras are connected to the central control room in the FRVP. The cameras are provided with a pan
and tilt mechanism operated by a2 manipulator from the control room. These mounted in the silo dom

outer manways will be provided with lights and will be similar to the Silo 1 and Silo 2 camera units

shown in Appendix B-4. The Silo 3 dome-mounted cameras however will be supported at the silo dome.

3.6.3 Svstem Utilization
Instalistion

The EE and vestibule are constructed and tested as a single module. To reduce personnel exposure,
fabrication and testing will be performed to the maximum extent possible at the fabricator’s shop.
Equipment including the monorail, hoists, cameras, and other control and auxiliary equipment will also
be installed and tested. Each EE will be shipped to the site on a flatbed truck. The EE will be lifted and
installed onto the preconstructed foundation at the base of the silo using a small mobile crane. The EE
is positioned and sealed to the silo backing plate through a flexible connection after the wall has been
banded and the backing plate instalied as discussed in Subsection 3.1.3.

Operation

During normal operation the EE is unmanned and the retrieval equipment {auger/conveyor or pneurnatic
tube} is operated remotely. Major personnel activities in the EE will consist of entry to remove the auger
system and to add pneumatic retrieval tube sections. It is likely that the interior of the EE will become
radiologically contaminated during retrieval operations, following removal of the auger system and use
of the Houdini vehicle. A local vacuum system will be provided to remove excess residue from
equipment withdrawn from the silo and to help limit contamination of the EE during these activities.

Ingress and egress from the EE will be radiologicaily controlled, using the vestibule as a control point.
Maintenance

Periodic maintenance required on the EE-mounted equipment is limited to routine greasing of the
monorail trolley and hoists, relamping as necessary, and standard maintenance on the camera systems.
Cameras, monitors, detectors, and a hoist will be mounted to allow easy removal and replacement. If
a component fails, it will be replaced and the failed component will be shop repaired.
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D&:D

The EE is left in place at the completion of heel retrieval to maintain containment. It can be used as a
means of access and egress to the silo for decontamination equipment. The silo demolition approach will
determine whether the EE will be removed prior to silo demolition or remain in place. The interior of
the EE is constructed with a strippable coating to assist in its final decontamination.

3.7 Equipment Enclosure Excavation/Foundation
3.7.1 Functions Provided
Provide Access 1o Silo Base - The floor of Silo 3 is approximately 1.75 feet lower than the existing

grade. Excavation of approximateiy 6 feet of soil in the immediate vicinity of the EE is required so that
the EE is low enough to permit penetration intc the silo wall near the silo floor to allow for greater
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operations. A means must be provided to remove stormwater which may flow into the excavation. A
means must be provided to transfer personnel and equipment to and from the EE

3.7.2 Svstem Descrintion

Two areas will be excavated on opposite sides of the sito where the EEs are to be constructed. As shown
on Drawing No. SK-C-04010, Appendix A, the excavations will be to a depth of approximately 6 feet
and will have a sloping side on the south side and the end opposite the silo, and a vertical retaining wall
on the north side, as well as vertical concrete walls near the silo. A concrete siab foundation will be
poured in the bottom of the excavation to support and accommodate the EE module with 4 feet of
clearance on the south side, 30 inches of clearance on the north side, and 10 feet of clearance at the end
opposite the silo to allow the equipment to be removed from the EE module to be lifted out of the
excavation. Each excavation will have an integral sump and pump to allow for collection and removal
of stormwater. Stormwater collected in the sump will be discharged via splash pads to existing surface

drainage features nearby.

All equipment must be decontaminated and surveyed prior to leaving the EE module to ensure that the
10-foot loading/unloading area remains uncontaminated. A small mobile crane will be used to lift
equipment into and out of the excavation. The area adjacent to the north side of the excavation wiii be
accessible by either a flatbed truck or a forklift. '
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3.7.3 System Utilization

nstallation - The excavation will be performed early in the project to allow construction of the foundation
with sufficient time to support installation of the silo backing plate and the EE. If perched water units
are encountered during excavation of the foundation, the area will be locaily dewatered during foundatton
installation, as necessary, depending on the quantity and recharge rate of the perched unit.

Handling requirements for the pumped perched water will depend on the extent of contamination actually

encountered.
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manner, as the silo foundation.
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APPENDIX A

CONCEPTUAL DESIGN DRAWINGS RESIDUE RETRIEVAL SYSTEMS
SILOS 1. 2, AND 3

Note: Drawings are included in an 11 by 17 inch format for information and
have been issued separately as full size drawings.
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APPENDIX B

MANUFACTURER’'S DRAWINGS, CATALOG CUTS, AND SKETCHES
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“LLUSOU4PO-161CCTV CAMERA EPS

: 6-inch NRTS Nozzle
Manway Cover Lift-Out Integral g

Gasket Camera Unit
1 fb
' s mm— 1
i |
L
Flex
Connaection
{for bolting
i i connection.
Field Modify .
Pedestal Mount See detail
for 17° Offset Angle

24-Inch Pedestal Mount —)L- O \

Pan/Tilt Mechanism

Floodlight Assembly
with Two 100 W Lamps

CCTV Camera -

(Radiation Resistant)

in Environmental
Housing

SILO CAMERA CONFIGURATION

Zinc-Plated Steel
Wing Nut

BOLTING CONNECTION DETAIL

B-4

NOT TO SCALE

March 21, 1996



WLV IWIY- M- 1D THUMP UASKE |LEPS

R R TR

Slurry Pump

- —]
Maintenance Carriage / )Y

LEGEND

Soft Padding

and Supports

Container SLURRY PUMP TRANSPORT

Casing CONTAINER

SLURRY PUMP CONTAINER

% g

each end)

B-5

NOT TO SCALE




S = ke f A AW AL D

36" Diameter By
36" High Enclosure
V4
r— -—“_é

Enclosure is
Nipples and Seals /not shown
Mounting
Bracket
3" Diameter Hole
42" Diameter B (Leaks into Silo
Special in Case of Rupture)
Flange |
\ !
Flexible Joint
20" Diameter . .
Manway Transition Flexible Joint
(Special) ’
| (S l
L Silo
Manway i
Modified “
Guards
(Stimmer) J
|
LEGEND
4 Silo Manway
Nozzle is mounted
in veritca! position
SLUICING JET ENCLOSURE B-6
SLUICING JET INSTALLATION
NOT TO SCALE
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RUSKIN®

PO BOX 129 Grandview, Mo. 64030
CD30VG1 and CD30VG2 HEAVY DUTY CONTROL DAMPERS
GALVANIZED STEEL
STANDARD CONSTRUCTION
FRAME

57x 17 x 16 gaga gaivanized steel hat channel with comer braces.
BLADES
16 gage galvanized steel triple-V-groove blades, 8" maximum
width.
LINKAGE
Face linkage in airstream.
AXLES
CDI0VG1 — '~" diameter plated steel.
CD30VG2 — 34” diameter piated steel.
BEARINGS
Stainless steel.
FINISH
Mill gaivanized.
MAXIMUM TEMPERATURE
250°F is standard. Damper can be supplied lor temperatures be-
tween 250°F and 400°F by increasing clearance between blade
ends and frame. Advise Ruskin of maximum operating
temperature.
MINIMUM SIZE
Single blade, paralle! action — 5"w x 5"h.
Two blade, parailel or opposed action — 8w x 14™h.
MAXIMUM SIZE
Single section — 48"w x 72°h.
Muitiple section assembly — Uniimited size.

FEATURES AND VARIATIONS

The CD30VG1 and CDA0VG2, which install within the duct, are ideally
suited to airflow modulation and shutoff in industrial applications.

These dampers can be designed and fabricated to meet many specifi-
cations and design requirements based on pressure, velocity, and
environmental conditions, Design variations and special features
availabie at additional cost include:

+ Flexible staintess steel jamb seals.

- EPDM biade seals suitable for 250°F maximum temperature and
silicone blade seals suitable for 400°F maximum temperature,

» Special materials and all stainless steel construction.

= Heavier 14 gage biade construction.

« Electric and pneumatic damper motor operators.

AIR INLET DAMPER

L.

- .

Parailel
Blade
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Work-rated

- Electric Wrre Rope Honsts

P D e e -..-P-q.-.‘-..-

s e vy -—rp,-w-.v—.--»-o—-—-'-' -

' Issued 12-3-90 DS

For Pncing See Page 5s

' UFT SINGLE SPEED TWO SPEED c HOOK TRAVEL JT

' MODELNUMBER | (FT) | FPM ] 8 | HP FPM ] B I HP ] L T T: | DRUM;
== WIW3S 20-22 *25 20 22 124.7/8| 5 227  24-7/8 i 5:1-2/3 28-1/8 | 2-1/2 1 1-112 — =y
W3W3S 20-30 *25 20 30 124.7/8] 6-1/4 1 30-10 ° 27-1/4 | 6-1/4:2 - 28-1/8 | 2-1/2 | 1-12 — ! = i 1
W3IW3S 32-22 25 32 22 ‘718! 5 1 22.7 1 2718 Tl 5:1-2/3 . 30-3/8 | 4-1/8 j 2-1/4 — I - i 2
W3W3S 32-30 25 32 30 i27-1/8] 6-1/4 © 30-10 | 29-1/2 ) 6-1/4:2 = 30-¥8 | 4-1/8 i 2-1/4 — i o= 2
W3W3S 52-22 28 ' 52 22 13078, S | 227 ' 3078 | 5:t-23 1 3418 | 7.7/8 | 2-1/4 8 734 3
i W3wss 52-30 25 - 52 30 30-7/8] 6-1/4 © 30-10 | 33-1/4 | 6-1/4:2 | 34-1/8 . 778 . 2-1/4 8 7-3/4 3
| W3W3S 69-22 *25 69 22 34-38! 5 227 - 34-38 | 5:1-2/3 1 37-58 1 11-3/8 | 2-1/4 i 11-1/2 ' 11-144 4
l | W3w3s 69-30 28 69 30 !34-3/81 6-1/4 1 30-10 | 3634 | 6-1/4:2 37-58  11-3/8 | 2-1/4 - 1112 11-1/4 4
. Waw3s 84.22 °2S 84 22 '37-38! 5 1 227 3738 | 5:1-23° 40-58 ! 14-3/8 | 2-1/4 1a-1/2 14-1/4 5§
;wswassa-ao 28 84 | 30 37-3/8! 6-1/4  30-10 . 39-34 | 6-1/4:2 . 40-5/8 . 1438 . 2.1/4 . 1412 14-1/4 5
! W3W3S 108-22 25 108 . 22 41-7/8] 5 . 227 ' 41-7/8 | 51-23 45-1/8 . 18-7/8  2-1/4 19 11834 &
| W3Was 108-30 "25 108 | 30 41-7/84 6-1/4 | 30-10  44-1/4 | B-1/4:2 - 45-1/8 | 18-7/8 | 2-1/a 19 - 1834, 6

All dimensions shown in inches untess otherwise specified. Dimensions which change with beam size are for minmum beam shown.

Work-rated trolleys are adjustable for Standard | beam or WF beamn, 4 inch to 8 inch flange width. Beamn size must be specified. Trolleys are also availaole

for 3.25 or 3.33" patented track beams. Trolleys for WF beams with flange widths greater than & inches availabie on application,

All reference to beam flange widths are for clearance purposes onily and do not imply that lower flange of beamn will suppert hoist with toad.

TROLLEY DATA: Speed 65FPM 125FFPM All two speed trolley motors are 1800/600 RPM.
HP 1/2 1/2 {a) Optional Trolley Brake.
§2, 69, 84, 108 Foot Lifts 20, 32 Foot Lifts All Lifts
Wheel Dia. 5
" IS-IMSSAZ  _ Cianance
" -.‘_.'.'2 K i-s i~ -0 1o Ramove
— 1]
1-14 -
Trokey
ol
Wheel Dia. 5 A WARNING
s1u 'E:uw!m:& p ﬂeqs“c.:’iﬂad
’"‘1‘—‘}'1‘ T2 -3,_ b T —12-‘“-_ r&in 1% [21] or,
e e T e e
- transporting humans.

dications 10 upgraoe.
rerate, or otherwise alter
the hoist or crane equip-
ment shatl be authorized
only by the onginal manu-
facturet ot qualilied pro-
fessional engineer. Faure
to comply with any one of
the limitations noted
herein may result in sen-
ous bodily injury.
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conveyor layout -trough type

Honger Beoring Centers - D
1 Standard Length Conveyor Screw - X
= R s
[

e

[ I
J B
*— A g, . — - }
-F
: X x a2 L
2 —ot——tF =T
I | [ 1 3
F 'ﬁ--u-u Hotw . ralle Standord Length Trougns10'.o" - M ) --”
Rotation —9— Fiow = o= Thrust Min.
A B [+ D
Sarew Cplag. Length Lengthf E F [ H J K L | N r K
Diam. Diam. Ft-lm, In Ft,
4 1 =103 8 1) 3 | 4% 1 3% 4% 3% 3 5% |1+ i)
[ 1% 9-10 10 2 % {6 1 4% 5% 5 T 8% [ 1 +
N 1% 9-10 10 2 % |8 1k Rl % T% ] lo L IR I I N Y
2 9-10 H ] 2 W [ 8 1% 8% T Th|10] 9% {18 ]| 14
10 1% $-10 10 2 LR 1% 6% 8% Tl Sk 1% (1%
2 9-10 10 2 %19 1% 6% 8% Thlll 9% |1y |14
2 11-10 12 2 S0 1% T8 9% 8% i3] 12% | 2 1%
12 2 11-9 12 3 % | 10%) 1% kA 9% 8% | t3) 12y 12 1%
3 11-9 12 3 % |10kl 1% 7 9% 8% [ 13] 12% |2 1%
e Z 1y 11-9 12 [ 3§ %11 15| 9w |to%| 10% | 15] 12% |2 | 1%
3 11-9 12 3 311k 1% 9% | 10% | 10% [ 15] 13% |2 1%
1€ 3 11-8 12 3 4 13%| 2 0% 112 11% | 17| 14% { 2% 1%
18 3 11-9 12 3 % |14 2 12% | 13% ] 12% | 19| 18 2 | 1%
. In 11-8 12 4 %l14%| 2 12% 1 13% | 12% | 19| 18 1%
20 3 11.9 12 3 %[ 13%f 2% { 13% | 15 13% [ 21 ] 19% |2y 2
Ih 11-8 12 4 % {15% | 2% | 13% {15 13% | 21 19% jaw| 2
24 In 11-8 12 4 % |17 2% 16% | 18W (| 15% § 26} 20 2| 2y
suggested method of detailing
= — =] [—— —
e s
CTCHE ——: x| T o ; .
vl e Lo :
!u;" l 4-9" I " | G 00" !
| ey — - — —— Caver Lengtn
. 9-118 10-0 3-2% - Hanger Spacing
| o o it
o5 5-10 5.9 e Inie? Sp
on306 \, - 1 g |
M306a - e — - - a
cesnz X i il f comz
[l .
- P e R u -—— = v
4 9'-10 2 “._ §-10 2 L 2t lé Canveyor Length
9-ui i 10'-0" 30F
2-CHotonz Honger Spacing
2-CCn2 ,
l Sh 9 Sectiony
CTagwM - . I R
CEF3112.8 l , ! i %csgue.a
fo—csy R Ccpwic.s W cFFs ) crr
. u{ i | om J 10" '
L — 2 ; — ",?'” Soout Spacing
—— 5_" . — ‘ L — Soddle Spaciag
|I: 3.0 10'-G — 192 - Trougn Lengtn
i 23-3 Total Length
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tubular housing

) ]
o AL -
I T l_-.g.-—.-.‘-.-T-_ TR TERS R A
]
B gt ;
1 J
Shrouded trough cover Tubular housing
Shrouded Treagh Tubulas Flanged Tubular Angie Flanged
Cone | Traugh Caver Housing Heusing Tubwlar Mowsing
[;.'”' Thiek- Par Wt Part Weight Part Waight Part Waight A B ¢ L PlEys TP I
M.l mesa Number Number {10 Ft.I5 Fe. | NMumber [10 F1.]% Fr.| Number |10 Frls Fr. }
=16 CTS 416 CHP 416 35 18 CHF 418 [¥] 22 | CHA 16 ! 41 T .
4 14° CTS 414 | 2.0 | CHP 414 42| w JCHR waa| s | 27 JeHa anaf e | a5 ] s | a% i IR R TR B R TR I
12 CTS 412 CHP 412 60 kil CHF 412 T4 GR | CHA 12| 106 Ad %
16 CTS 516 CHP 616 50 iad CHF 616 80 a2 | CHA 616 ] f(1v 57 "
14 CTS 614 3.9 [ CHP 614 2 33 | CHF 814 75 40 | CHA 614 | 122 N N T Y Uy el s ] 2 ym
& 12* CTS K12 5.5 | CHP 612 85 I CHF 12| 103 52 | cHA stz 145 e = b EN RN BT IR K
Ea CTS &7 CHP 67| 148 4 | CHF &7 ] 168 K6 [ CHA 67| 208 | 104 41,
16 CTS 916 CHP 91& 72 3y CHF w16 LY 45 CHA M6 | 144 - t3t,
it CTS 914 1.8 | CHP 914 89 1% | CHF 94| 104 $5 | CHA 14| 161 83 13
. 12 CTS 912 CHP 912 | 122 63 CHF w12{ 143 7% ] CHA 2| 1y 100 1w 6w 0] BN s 6l alad - 1s
-' 10 CTS s CHP 810 | 155 o | CHMF uiu| 182 94 | CHA mio | 227 | g ’ s - )
A" CTs o7 19 [CHP 87 208 | 107 | CHF w7| 245 | 126 | CHA 97| 280 ! 133 13%
L, CTS 93 CHP 493 275 140 CHF u3 324 165 CHA uwxl 47 176 130
16 CTS1016 CHP1016 79 42 | CHF101% 91 4R | CHAlOIE | 1351 T8 144
it i CTSi1014 9.4 | CHP1014 w7 52 CHF1014 12 50 | CINAL014 [ 16y EL] 14
12 CTS1012 CHP1812 | 131 70 | CHF1012| 1354 A1 [ CHALULZ{ 208 | 106 O VTV I T L A A B
to 10 CTS1010 CHP1010 | 16Y RB ) CHF1010] 96 | 102 | CHA1010| =241 | 124 Thag, |2 8| 3 (M| e | 20
A CTS 107 23 | CHP 107 ST | 11T | CHF 107 | 264 | 136 | CHA 107 ] =09 | 153 4%
LM CTS 103 CHP 103 k{:}] 154 CHF 103} 350 | 179 CHA 103 ] 373 190 iy
12Pt | §FL 12Ft| s Ft 12 Pt 6 Pe
Tia CTSi1212 19 | CHP1z12 | 198 lo3 | CHF12) 23 | 121 | cHat2i2 | 213 | 1g2 17y
10 CTS1210 CHPIZ10 | 248 130 | CHF1210( 295 | 153 | cHAtz10| 966 | 189 |, | . N 17 %
t2 % | CTS 2T | 33 | CHP 127 | 320 | 151 | CHF 127| 392 | 200 | oA o235 | a7 [amg | %] THF 2 |1sm 3 [ 5|3 {N[1% ]| n
4 CTS 123 CHP 122 [ 434 m CHF 123 | 318 | 265 | CHA 123 350 282 17%
=1z CTS1412 26 { CHP1412 | 223 118 CHF1412 | 259 | 137 | cHAWd12 | 341 | 1=o e,
10 CTSu110 CHPl1410 | 282 148 | CHF1410} 329 | 172 | CHAl410{ 400 | g7 15 wul= We bl 21 3 %[ | o2
14 e CTS 147 i | CHP 147 T 196 | CHF 147 441 ] 227 | cHA 147 | 406 | 2 R R B 193y a1 i
Yy CTS 143 CHP 143 | 488 256 | CHF 1ax| 582 | 298 | CHA 1ax| 616 | sig FETA
12+ CT51612 35 | CHP1612 | 254 135 | CHFig12| 290 [ 183 | Chalels | 352 | 194 21y
10 CTS1510 CHP161¢ | 320 168 | CHF1610| 367 | 131 | CHAlGIO | 438 | 207 t= frex | » b x 12| g0
16 fo* | CTS 167 [ 62 | CHP 167 | 428 | 222 | CHF 167 | 493 | 254 | CHA v ]| a6 | ogy |00 |'O% (2 Jagam |4 [ #]3[% |13 02
L CTS 164 CHP 182 | 366 291 | CH¥ 163 650 | 333 | CHA 164 ) 684 366 2
=g CTSi812 i3 | CHPIBIZ | 290 156 | CHFINLz | 336 [ 139 | cHaxiz| 427 | 229 24
10 CTS1810 CHP18I0 | t2u | 193 | CHFia10{ 423 | m22 | CHAtRIO| 811 | 28¢ ] 24 . , .
18 4| CTS 187 )79 | CHP 187 | 485 | 252 | CHF 187 568 | 294 | CHA 187 | 632 | gos |17 [12% ] 2% oun [4%5] O[3 | B {1%] 36
1 CTS 183 CHP 183 | €39 | 331 | CHF 18| 46 | 384 | CHA x| 86 | 4o4 LIy
= CTS2010 71/ CHP2010 | 401 | 212 | CHF2010 | 458 | 241 | CHA2010| 345 | 286 26,
20 A CTS 207 99 | CHP 207 [ 534 | 286 | CHF 207| 612 | 318 | cHA 207 | &81 asz (2 Funw ) 2| 2ea (4 B4 1% 1% 40
1, CTS 204 CHP 243 | 702 363 CHF 20| 806 | 415 | CHA 200 | 848 | 4a% 260,
Z1om CTS2410 104 | CHP2ato | 477 | 2382 | ofpagqe| 534 | 281 | cHAzZd10| 626 | am 10 ..
a4 A CTS 247 144 | CHP 247 | 637 a3z CHF 247 F13 | 270 | cHA 247 84 | s06 |28 1R 2] 0w (4 33 P tia] 48
', CTS 243 CHP 243 | 837 i3 CHF 243 941 [ 48¢ | CHA 243| 986 | 307 o

77 Standard paupe.
* Standard shroud gage.

CONVEYOR HOUSING B-2¢
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AIRLOCKS Toll Free 800-821-2476 ‘oo~

MAC High Efficiency Airlock 7
Bare Airlock

3% DlA.

HOLE
p LDIA.
HOLES
/ [P

B 1

'i

m MAC HIGH EFFICIENCY AIRLOCKS 7x7 THROUGH 18x18

S
I \ STANDARD SPECIFICATIONS FOR

I Materials of Construction
Cast gray iron housing & end piates/SS cast housing & end

i
'\L
T L P plates
TOP VIEW Carbon steel rotor!S5S rotor

“ e

Major Components
Cast housing and inspection cover
Cast end plates compiete with packing gland seals, teflon lantern

P M N M— [P ring, air purge and 4-boit flanged bearing
Counter clockwise rotation from drive end
R Painting

Standard cleaning and metal preparation

Primed with one coat 32x29 gray primer and one finish coat
Color to be specified ’

Standard color is MAC Blue

NQTES

H TAPPED = { Bottom flange detail malches top flange detail.

HOLES (@ Normal rotation is CCW as seen from drive end.
! { Two % thick nominal inage gaskets included with airlock to
provide seal at iniet and outlet flanges.
NPT TAP F
EACH END ! G ¢
|
I
A |
| wNeT TAP€] ! B
] -
| eno B[ o® L sooqe:
o R
it b= i Pr =
deetnilel ER=
Ly t@“—; i :q T T ]
! L SN N ‘H‘ ' e 7
KEYWAY ‘\i.rl-_i_-!!_i'_dtl i
! -~
DRIVE END VIEW INSPECTION SIDE VIEW
Airiock IC.F.R.
Size Stainless | Graylron| B | C |D |E| F G H J KjLiM|NIPIQ]|R S TIU |Keyway | WL
Ix7 -1 9.000 9125 [dm | S |3 Jonw} 21% | 10w%s [{4)an-16 | 1% |23 | ww |3 3 w 3% 9% ] 7 7 n | Vix Q2
9xG 2 12.000 12250 |6 714 st 24% 12% ltdhan-18 |1 (30w 0 (s J3% [ |4 |2 | B [ w | axen | 161

12x12 B 16.000 16.500 |8 B IS5z sl 29 | 14w | (B)anm-16 | 1Y) 13| v |5 5 vr fSvr pte |12 |IM% (% ] aaxams | 314

T 12 18.000 1500 10 Jwo e || 33 |16 | €36 [ inew 3% | w6 a| 6% 2 fT {20 |15% 8y ¥ | AxA | 490

o

1axte || 20 24000 | 24000 {12 |12 |6% [sn| 36%a {1Bsm [(B)V2 13 |20 | 3% [ |72 | T2 |% |9uw]24 |78 118 |% | Yax'a | 895
All Dimensions Are in Inches.

ROTARY AIRLOCK B-22



“ILLUSIOU-4PO-161\AIR LANCE EPS

Existing Valve
Decanting
Port
Seal
Quick
/ Nozzle ///E / Disconnect
1 - -0 1 — - r‘ﬂ-
3 U
Pipe Section \
is 5 long,
but can be extended
in §' increments A Clamp
Flange and Gasket
Bolted to Decanting
Port Flange
Silo Wall
LEGEND
// Silo 3 Wall AIR LANCE

NOT TO SCALE

March 21, 1996

AIR LANCE CONFIGURATION B-23



ILLUSTVOU-4\PO-16 "SLIDING GATE.EPS

Lifting Mechanism

‘L Equipment Enclosure

3-6"x 46" x 1/4"
Plate

3-0"x 4-0"
Opening

)

Cutout in Concrete

(3) Cam Rollers

\ 2 Pin and Plate
Opening (approx. 8" x 8%

with flexible seal for tether and
| pneumatic tube and hose

SLIDING GATE

NOT TO SCALE]

March 26, 1996
BACKING PLATE SLIDING GATE B-24



VALVES Toll Free 800-821-2476
Knife Gates
2,3,4,5,6, 8, 10 and 12-Inch Size

Bulk Materlal Knife Gates with Alr Cylinder Actuator

®
Wy
v

O
L
T - -
Flange Gasket ' x F 1.0. x G o.0.
Stud Bolts with Nuts %,-18 n.c. x 7, H oty.. Eq. Space on J Cirgie
Model |Size'| A | B | C | O | E | F [ G [ W | 4| W | NomPFreeFlow
B2-1 2 |1 | s | awlew|en| 2| 4 a | 3| 10 60 CF/Hr.
B3-1 3 1w | 6| 6 % 3| s 4 | 4w | 12 190 CF/Hr.
B4-1 4 | 7 )| ow|sul| of s 4 | 5% 15 450 CF/Hr.
B5-1 5 | 2 9 | 9% l1w% |10n]| 5| 7| 6 | 6n| 25 1,000 CFHr.
BB-1 6 | 2 10 |11 |12n |1 6 | 8| 6 | o] 30 1,500 CF/H.
B8-1 8 |2 12 [14 (15w [13% | 8 [tw0w| 8 | ewn| 40 3,300 CF/H.
> B101 | 10 [ 2% | 14 {17 |18% [15% ]| 10 |12%{ 8 |[11w] s 6,750 CF/Hr.

B121 | 12 Javw | 16 f20 |21 (1w | 12 115 | 12 [13w| so 16,250 CF/Hr.

*Nominal Size—OQrifice conforms to inside diameter of '," wall OD tubing.

* All dimensions are given in inches.

70 PSIG minimum air actuating pressure.

200 PSIG maximum air actuating pressure.

Dry, tiltered and lubricated actuating air recommended. KNIFE GATE VALVE
Hole pattern straddles transverse centerlinea.

B-25



e New duai
slide 4
spoke

“The #1 Drill Rig in America”
handle

 Dual switch/outlet control panel & amp meter

* New 4 spoke handie

* Redesigned, lighter base and carriage

* 2 1/2” Square column with black oxidized finish
» Quick change over from vacuum to anchor base
* 10" Bit capacity-14" with one spacer

» 6” Wheels for better mobility

Order Complete:
Qur Combination rig includes a combination anchor/ivacuum base with wheels, mast, carriage, control
panel, vacuum pump, ceifing jack, motor mount plate and your choice of drill motor. Our Anchor rig is
the same as above except for its smaller anchor base and does not include a vacuum pump. Select
from P/N's listed beiow.

» .Complete M-1. Drili Rigs:yzrnvz w5070,
- B sm‘ety Combo Anchor
Motor | mPM | ool t¥e | Rig PN | Rig PN

18 Amp B&D 350/900 |Slip Clutch | 4245055 | 4245001
15 Amp B&D | 350/900 |Slip Clutch| 4245050 | 4245002
20 Amp Milw. { 300/600 |Slip Clutch{ 4245048 | 4245009
20 Amp Milw. | 450/900 | Slip Clutch| 4245059 | 4245003
20 Amp Milw. |600/1200 | Slip Cluich| 4245048 | 4245010
20 Amp Milw. | 450/900 | Shear Pin | 4245060 | 4245005
20 Amp Milw. [600/1200 | Shear Pin | 4245061 | 4245004
15 Amp Milw. [ 500/1000 | Shear Pin | 4245051 | 4245006
15 Amp Milw. | 375/750 | Shear Pin | 4245052 | 4245007

23 Amp WEKA| 30&0 [Siip Clutch | 4245053 | 4245008

Or, Build Your Own:

Select one of the drill stands shown below, add drill motor, control
panel/on-off switch, and vacuum pump as required for your application (See page
5 for motor options and page 6 for accessories). Drill stands include a base with
wheels, mast®, carriage. ceiling jack and motor mount plate.

*Call factory tor special length masts

M-1 Complete Combination Rig

(o, s a1, Diifl Rig Dimensionggaiteesginetd

i "’i‘“ L4} :E e .
Anchor {Combination

Stand Stand
43-3/4" 44-1/4"
B. 23-1/2" 28-1/2"
6" 13-1/2
D.* 24-1/4° 24-1/4"
E*| 558" 5-5/8"
11" 17"
G. 16" 23

CORE DRILLING RIG B-26



PREMIUM BLACK
TURBO BIT

H.D. ORANGE
TURBO BIT

ama o -

DIAMCND
CORE BIT

DIAMOND
CORE BIT

The Premium Black Turbo is our most
popular Turbo bit. It has a very high
diamond concentration for excellent
performance in heavy to very heavy
steel appiications. Combine this excellent
diamond concentration with its fluted
segment design and you have a bit that
flies through just about anything.

SPECIFICATIONS
TP - General Purpose, High Steel

Our Heavy Duty Orange Turbo bit has
very good diamond concentration for
excellent speed in moderate to heavy
steel applications. This bit is one of the
fastest general purpose bits available.

SPECIFICATIONS
TH - General Purpose. Moderate Steel

Drill up to 30% faster with Turbe bits, Core Bore's newest drilling product. They cut
faster and smoother because of their fluted segment design, which channels slumry better
and reduces vibration, For high performance at competitive prices, choose Turbo bits.

Segmented hits are available in soft. medium. and hard bonds

All bits may be urdered with custom bonds

1 barrels iy b necveled with our et resepmenting program

« duamnetet avaable upon request

Standard dailing depth 137, any depth upon reguess
127 10 §-1727 bts have 3/8”-1 1 hubs

1-3/8” tns and up have 1-147-7 hubs

NOTE: ALL DIAMETERS ARE NOMINAL

CORE DRILLING BIT

B-27
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Chain segments impregnated

with diamond and laser welded.

Conveniently placed
bucking spikes provide
cutting leverage.

water and operator comfort is enhanced.
Water cooling and lubrication is routed in-
ternally along the entire length of the saw bar
$0 you can achieve maximum penetration in
the material during a plunge cut.

Conveniently placed bucking spikes pro-
vide cutting leverage to let the saw do the
work, not the user. Ergonomically designed
handles and guurds help io reduce operator
fatigue and provide protection from chain
contact or abrasive material asit’s being cut.
A heavy duty cast aluminum chain guard
prevents a loose or broken chain from being
thrown from the saw.

The DS11 is fully compatible with HTMA
(Hydraulic Tool Manufacturers Association)
Class IT hydraulic systems (8 gpm / 30 lpm
at 2,000 psi/140 bar). Using hydraulics, the
DS11 is quiet and smooth.

Because it’s hydraulic, the internal com-
ponents of the D811 are sealed from the
outside environment and constantly bathed
in lubricating oil.

Long term storage can't hurt the DS11
either, because you thoroughly lube it each
time you use it. There’s no pre-storage prep
or start-up hassles when the nex: season
comes around.

Full 15 in./38 cm cut
depth in one pass.

Five different chain
types availabie.

High chain speed
(5500 fpmy).

Plunge Cut

o it

it

S0 iy
PRV R R 4

Slab Cut

Portable power to get the job done fast

on job sites where space

Tcam up our HP! Compact
Power Unit with the DS11
and you have all the power
you need to get the job done
fast — an ideal combination

is

limited or where hyvdraulic

power just isn’t available.

CONCRETE SAW

B-29
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APPENDIX C
DOSE ESTIMATE AND SHIELDING CONSIDERATIONS
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APPENDIX C

This appendix supports the Conceptual Design and the ALARA review (to be conducted by FERMCO),
and prepares for the Title Design effort. It identifies established guidance and conservative assumptions
to evaluate the direct gamma exposure impacts of the silo residues and their retrieval in the various
operations and facilities. The product is an "order of magnitude” conservative estimate of potential
direct exposures to radioactive materials encountered for installation and normal residue retrieval
operations/maintenance of the Silos 1 and 2 superstructure and equipment room (ER), and the side access
equipment enclosure (EE) for Silo 3. After development of the external source terms and exposure rates
the use of shielding as an engineering control for the ER is determined. Further qualitative analysis is
performed for inhalation exposures and their controls.

C.1 Direct Exposure

The approach to determine the direct exposure is to develop a source term which calculates potential
external exposure sources. The silo materials have two contributing sources - inherent radioactive
components of the residue, and radon and decay daughters diffusing to the silo headspace. This study
quantifies direct exposure modeling for those areas where workers are expected in proximity to the silo
or to be in the ER/EE.

Direct exposure modeling uses a United States Department of Energy (DOE)-accepted method, namely
Microshield Version 4 (MS4 1992) computer model. To accurately model the scatter of gamma rays
with materials between the source and receptor the geometric progression buildup factor was used to
account for scattered flux, as this is the most current method (MS4 1992). The results for each
component were optimized by balancing the degree of integration for parameters, computer run time, and
precision of the results.

C.1.1 Calculation Basis

1) As determined by the Operable Unit 4 (OU-4) Remedial Investigation (RI) sampie data for the
silos (DOE 1993), the source with the highest radiation concentration per mass of solids is Silo
1. Thus, Silo 1 residues are used to model external exposure due to the residues for processes
in the ER in proximity to Silos ! and 2. The external exposure for the EE is modeled using the
RI data for Silo 3.

2) For the ERs, both atop the Silos 1 and 2 superstructure, and the side access EE for Silo 3, the
dose rate was determined for the two contributing factors of radon in the headspace and the
residues.

ERAFSI'WOLI1:RSAPPS\RSDATA\
OU-#\PO-161\161 APPC C-1 4/2/96, 11:02am, Rev. No.: 0



3) The radioactive components of both the silo residues and the headspace with radon and decay
daughters are assumed to be homogeneously mixed throughout their respective source volume for
each case run in Microshield.

4) The average radionuclide concentrations from Silo 1 is used. While the OU-4 RI data indicate

the residues are no
e si

with depth in th
residue slurrying p.oducing a slope where materials are directed into the siurry pool by the water

jets (PARSON 1996).

o 'neousny distributed and tke radium concentration generally increases
0, the residue retrieval methods mix the materials. This is accomplished by

5) Two components are identified that contribute to the radon release rate. The first component is
the radon continuously generated (radon flux rate) by the radium present in the residues. The
second component is the radon retained by the material (resident radon} being released through
residue retrieval activities (i.e., sluicing and pumping). The second term can be neglected for
the development of an exposure rate because personnel should not be in the ER during residue
retrieval.

6) The radon flux rate from the silo residues is evaluated for existing percent moisture. This
provides a conservative valuc because the diffusion coefficient, as caicuiated by the material’s

moisture content, decreases with increasing moisture content.

7 It is assumed that 100 percent of radon retained by the waste material is released due to residue
retrieval activities of the unsubmerged water jets for Silos 1 and 2. The quantity of residue
slurried and removed is used as the control mass to determine radon released. This provides a
bounding value for the dose rate from the silo headspace.

8) This calculation did not consider internal and background radiation dose rate factors.
c.1.2 Analysis of Change in Silo Headspace/Residue Volumes
As the residue retrieval progresses for day to day operations, the silo headspace increases and the residue

volume decreases. The volumetric changes for these two source terms need to be evaluated. The
decrease in residue volume causes the exposure rate from the residue to decrease. Intuitively, the

distance increasing from the residue to the raeptﬁr (in this case a worker in the ER) decreases the
exposure rate. The smaller volume yields a smaller source term. However, corresponding to this the
radon headspace term increases with 2 greater-volume. The change in silo he eadspace volume and how

this affects the equilibrium concentration of the radon with the Radon Treatment System (RTS) operating
is not as simplistic as that for the residues. To determine the impact of this change the radon
concentration tn K-65 silos headspace can be determined using General Dilution Ventilation Equation
(ACGIH 1995) as follows:

ERAFSI\WOL1:RSAPPS\RSDATA"
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Rate of Accumulation = Rate of Generation - Rate of Removal

or

V*dC = G*dt - Q*C*e*dt (1
where:

V = Volume of headspace, ft’

C = Radon concentration in headspace, pCi/l

G = Rate of radon generation, pCi/s

Q = RTS flow rate, cfm, (1000)

e = RTS radon removal efficiency, (80 percent)

t = Time, min

The change in headspace volume can be determined as following

V=V+q% @

where:

V. = Initial volume of headspace, ft*, (48000 for Silo 1 and 38000 for Silo 2 [DOE 1993))
q = Rate of silos residue removal, cfm

Equation 1 yieids

(Vi + q*t)*dC = G*dt - Q*C*e*dt (3)
Rearranging the differential material balance results in

dt/ (V,+ q*t) = dC / (G - Q*C*¢) (4)
Which can be integrated to yield

(/@ In (V. + q*t) = -(1/Q*¢) In (G - Q*C*¢) or

In (V, + q*°®® = In (G - Q*C*)

ERAFS1'\WOL]1 RSAPPS\RSDATA!
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Which yieids

G - Q*C*e = (V; + q*)t®ve (5)
Considering a K-65 slurry removal rate of 92.6 - [85.2 gpm (PARSONS 1995) or 13-25 cfm results in
Q%/q >>1 and

V. + g0 —> 0.0

and Equation 5 results in

G-Q*C* =0 6)

Equation 6 indicates that radon concentration in headspace (C) will remain fairly constant during slurry
removal operation and change in headspace volume has minimal effect on radon concentration in silos

Lo 1
neadspace.

The radon concentration used to determine the external exposure in the silo headspace from radon and

R A A e at 2 wmSwes ans

short lived daughters is based on an extension of the previous derivation of:
Rate of Accumulation = Rate of Generation - Rate of Removal

As shown previously with the Rate of Accumulation equal to 0, 2 constant concentration independent of
headspace volume results, or

G = Q*C*e (7

= RTS flow rate, cfm, (1000)

% 22 2N Tall,

= RTS radon removal efficiency, (80 percent)

The rate of radon generation, G, is the product of the rate of radon generation (pCi/m’-sec) and residue
surface area (m°). The RAECOM model was used to caiculate the radon flux in the Fernald
Environmental Management Project Risk Assessment Work Plan Addendum (DOE 1992), Subsection
6.3.2.2. To account for moisture, the diffusion coefficient is modified as for a radon diffusion coefficient

ERAFSI\WOL:RSAPPS\RSDATA\
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based on the total pore space from Nuclear Regulatory Commission (NRC) Regulatory Guide 3.64 (NRC
1989).

Solving this equation resuits in an equilibrium concentration of 2.5 E 6 pCi/l. This value is based on an
RTS flow rate of 1000 cfm and radon removal efficiency of 80 percent of the design basis for the existing
RTS and is approximately 10 percent of the radon samples taken for Silos 1 and 2 (DOE 1993). A
conservative estimate for radon removal is thereby obtained. This silo headspace inventory is greater than
f

1000

that calculated as part of the design of the existing RTS (Grumski 1988).
c14 Comparison of Survey Data to Microghiald Madsgls

To determine a quantitative relationship between the exposure rate estimates caiculated with Microshield
runs and actual exposure rates, actual monitoring data from the Silo 2 dome for which surveys had been
completed is modeled. Based on survey data from December 12, 1995 (FERMCO 1996a) for Silo 2
having a radon headspace concentration of 5.91E6 pCi/l, Microshield runs are created representing the
sito as a cylinder volume source. The survey data provided are typical of exposure rates observed for
the siio domes. The Microshield exposure rate for 30 cm from the dome surface is 40 millirem
(mrem)/hr at the dome center and 29 mrem/hr at 35 feet from the center as compared to the survey data
value of 25 mR/hr at 30 cm from the dome surface {location unknown), a difference of less than 15
percent. Though the model does compare well with the actuai survey data, it should be realized that the
resuits of the comparison are subject 1o many variables, and that without a known survey iocation on the

stlo dome, the variance between the observed survey data to that calculated may be less.

A related quantitative comparison was performed using the cylinder model and survey data from the
operation of the existing RTS in 1987 and 1988 (FERMCO 1996b). This data showed the effect of
running the RTS on the exposure rate at the Silo 1 Dome. An average exposure rate of approximately
100 mrem/hr was determined for the initial conditions prior to operation of the RTS. The contributing
source factor from the residue as calculated by Microshield 4 was subtracted to yield an exposure rate
approximately 50 mrem/hr. This was then used to back calcuiate a headspace concentration of 11.3E6
pCi/l. Comparing this value with that for the data from December 12, 1995, the exposure rate to
headspace concentration ratios are within 5 percent agreement.

Cc.1.5 Results of Direct Exposure and Associated Project Dose Budget

The results of the Microshield runs are incorporated into three tables. These results are based on a radon

P

and daughters concentration of 2.5E6 pCi/l. For comparison, with the bentonite intact {assumed .5 ft

thickness} the direct exposure for the residue is approximately 0.4 mR/hr.
Table C-1 provides the impact of two differing shielding thicknesses for the superstructure mounted ERs.
The exposures are based on the radon headspace and residue sources. The greatest exposure rates occur
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at the dome centerline and are given here as conservative values. The residue source is significant once
the bentonite is removed as part of the residue slurrying process. Other exposure rate estimates are
provided as insight into the impact of location when determining the exposure rate.

Table C-2 tabulates the total direct exposure for the project predicted for personnel performing various

operations in the Silo | and 2 ERs. Routine operations such as maintenance and activities requiring

personnel to be present are presented in this table. The frequency, duration, and personnel required are

included in the development of the dose budget. Operations performed prior to the start of the residue
retrieval operations have fower exposure values due to the presence of the bentonite and use of the
existing RTS. The reduction in external exposure is best afforded by wetting or "healing" the bentonite

water and running the existing RTS to reduce the radon concentration in the silo headspace.

10

Table C-3 tabulates the project direct dose predicted for personnel performing various operations in
preparation of the Silo 3 EE, and penetration and cutting of the Silo 3 wall. Routine operations such as
maintenance and activities requiring personnel to be present are presented in this table. The frequency,
duration, and personnel required are included in the development of the dose budget. It should be noted
the external exposure rate increases as die residue reirieval progresses. This is a result of radon contained

in the silo headspace contributes a larger external exposure source than the metal oxide residues.
c.2 Inhalation Exposure
The exposure due to inhalation is evaluated qualitativety for the individual activities of both Silos 1 and

2 ERs and the EE located on the side of Silo 3. Those activities not in the silo ER</EEs were no

considered a potential inhaiation source because the ER designs incorporates directed airflows. For Silos

~~

| and 2 ERs, the direction is from areas with no contamination (ambient outside, through the vestibule
and into the ER) and finally to those with the highest (the silo interior). The radon laden air from the
headspace is then treated at the New Radon Treatment System (NRTS). Silo 3 residue retrieval uses a
preumatic system that will entrain the radon with the light powdery residues. Once daily operations end
potential radon leaks from both the hydraulic and pneumatic retrieval systems are very low because the

ines are either backflushed or purged with clean air, respectively.

¢ Silos | and 2 ERs, and Siio 3 EE are remotely controlled and
personnel are not present in the ER fo
to the ER and Silo dome are used to f
from the external environment to the ER and then to the silo to prevent the release of particulates and
radon gas. For Silo 3 the EE is initially isolated from the radon source term contained in the silo
headspace. Airflow is vented from the silo headspace and the Silo 3 EE to limit radon butldup.
Operational features for airflow and remote residue retrieval are presented in Subsections 2.7 and 3.5 for

e
lter particulates. The airflow for the Silo | and 2 ERs is directed

Silos 1 and 2 ER, and Silo 3 EE, respectively. Once the pneumatic retrieval system is in use, the
ventilation system for the silo dome serves to confine the radon from the EE via directional airflow and
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pressure control. The system has further capabilities to use the NRTS if radon concentrations are
determined unacceptable for direct release to the atmosphere. Given the uncertainty of the radon gas
diffusing and the possibility of the NRTS going down, breathing air will be supplied to the ERs/EEs as
standard Personnel Protective Equipment.

c3 Recommendations
The limitations of this direct exposure rate analysis are due to a lack of information available on the

nt
NRTS design. The flow rate and efficiency assumed for the NRTS should be confirmed at the earliest

stages of NRTS design. Following on this thought, as part of the NRTS design a more detailed anaiysis
should be performed for the equilibrium concentration radon. Other information gained from the NRTS
design that should be incorporated into the project dose budget is the time to re-establish an equilibrium
concentration once the daily residue retrieval operations are completed. An estimate would then be

available for how long personnel would wait prior to entering the ER.

An As Low As Reasonably Achievable (ALARA) Design Review should be performed at the completion
of the conceptual design. The ALARA Design Review should incorporate a cost-benefit analysis to
determine an optimum shielding thickness based on work activities in the ER.
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Calculation 4161-56-02

Table C-1 - Dose Rate Estimates for workers in ER {Centerline Above Silo Dome)

. Headspace Steel Shieid Dose Rate Dose Rate | Total Dose
Waste Height " cight Thickness  from Waste from Radon | Rate
) (1) (in}) {mrem/hr) {mrem/mn) | (mrem/hr)
23 8.1 2 8.9 1.0 9.9
1 18.2 2.9 21.1
18 13.1 2 86 1.7 10.3
1 17.4 4.6 22.0
13 18.1 2 82 23 10.5
1 16.2 6.2 224
8 231 2 7.7 2.8 10.5
1 14.9 7.5 224
3 28.1 2 7.2 33 10.5
1 13.6 8.8 224
Other dose rate estimates
Shieiding Thickness Dose Rate
Description Material (in) {mrem/hr)
Top dose @ 4 ft beyond silo side along manway steel 0.25 14.4
Side contact dose from existing residue soil 68 7.20E-06
Side contact dose with + 20 ft headspace soil 68 6.32E-06
10 meter side dose from headspace with no soil n/a n/a 2.8
Notes:
1. These values are based on Silo 1 residue concentrations from the RI/FS.
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